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CHAP. XV. 


The Deſcription and Uſe of the Orre- 
ry and. the Globes. 


. HH E Orrery is a Machine deſigned to 
repreſent at one View the real Mo- 

tions of the Heavenly Bodies. In order to 
this, in the middle of a large Circle deſigned 
to repreſent the Ecliptic, is fixed a Globe re- 
reſenting the Sun. Next to the Sun a ſmall 
Rat repreſenting Mercury, Next to this is 
Venus repreſented by a larger. At a greater 
Diſtance ſtill from the Sun, is the Earth repre- 
ſented by an Ivory Ball. Round the Earth, 
at ſome Diſtance from it, is a Ring to expreſs 
the Orbit of the Moon, making an Angle 
with the Circle that repreſents the Ecliptic, 
and thereby ſhewing the Inclination they have 
to each other in the Heavens, and alſo the 
Line of the Nodes. Within this Ring is a 

| {mall Ivory Ball repreſenting the Moon, and 
having a black Cap or Caſe, which always 
covers. that Hemiſphere which is turned from 
the Sun; and thereby diſtinguiſheth the 
enlightned Part from the dark one. Beyond 
theſe is ſeen Mars, then Jupiter and its four 
Moons, and outermoſt of all is Saturn with its 
Ring and fiye Moons. 
"+ 7 All 
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All theſe are fixed upou ſmall Stems which 
ſeverally repreſent their Axes; each of which 
has its peculiar and proper Inclination to the 
Plane of that Circle which we ſaid was to re- 
preſent the Ecliptic : And when the Machine is 
put in Motion, all theſe Bodies move round that 
which repreſents the Sun, and at the fame time 
both that and all thote which repreſent ſuch of 
the Planets as have been obſerved to have a 
Rotation about their Axes, turn round upon the 
faid Stems, and in their proper Times. The 
Moons alfo revolve about their Primaries at the 
ſame Time, and the Ring that repreſents the Orbit 
of the Moon has likewiſe its proper Motion, 
whereby that of its Nodes is alfo expreſſed. 

- Theſe Bodies are all kept in Motion by 
Wheelwork conceal'd in a Caſe underneath, 
and turned by a ſmall Winch in the fide of the 


Caſe; one Turn anſwering to a Revolution of 


the Ball which repreſents the Earth, about 
its Axis; and conſequently to 24 Hours of 
Time. So that 27 Turns cauſes the Sun to 
turn once about its Axis, 365 carries the Earth 
about the Sun, 27 the Moon about the Earth, 
Sc. So that not only the Motion of the Hea- 
venly Bodies may be reprefented, but their 
Situations with reſpect to each other may be 
ſhewn for any Time either paſt or to come; (a) 
(a) This and the next Paragraph muſt be underſtood with 
fome Limitation; Machines of this kind being ſufficiently adap- 
ted to common Uſe, though not accurate enough for this pur- 


poſe ; none of the Machines of this kind which have yet been 
Had, being ſo contrived as tO {hey this with Accuracy. 5 
7 
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by giving the Winch a proper Number of 

Turns backwards or ſorwards as the Caſe re- 

quires. N | 

There is uſually alſo a Lamp in a Caſe, with 
one or more convex Glaſſes in the fide of it, 
to throw a ſtrong Light directly forwards; 
this Lamp being put in the Place of the Sun, 
and that ſide of the Caſe which has the Glaſs 
in it directed towards the Earth, it being alſo 
contrived to turn according to the Motion of 
the Earth, a ſtrong Light is thereby continually 
thrown upon it, and the Moon, in whatever 
part of its Orbit it is, and ſo not only the 
Times in which the Eclipſes of the Sun and 
Moon, that is, properly of the Earth and 
Moon will happen, are ſhewn, but they theme 
ſelves are duly repreſented. (a) 

PT 33 1 IL As 


: {a) Artificers generally erect upon the Ecliptic ſome Semi- 
| circles, to repreſent ſome of the principal Circles of the Heavens. 
But this is wrong, and tends to Confuſion ; becauſe theſe Circles 
being only imaginary, and ariſing from the apparent Motions of 
the Heavenly Bodies, ought to have no Place in the Orrery : 
; Which as it expreſſes their real Motions, ſerves to explain, yet 
zs by no means intended to repreſent their Phenomena ; the Phæ- 
| nomena and real Motions being in ſeveral Caſes directly contrary 
to one another. To be particular, they have in ſome affixed 

the two Extremities of a Semicircle, which they call a moveable 
Horizon by two Hinges to the Ecliptic, at the firſt Degree of 

Aries and Libra; this is as if all Horizons neceſſarily paſſed 
through theſe Points, which is impoſſible, becauſe there are as 

many Horizons as Points upon the Earth. So that the putting 

on this Circle is not only an Impropriety common to the reſt, 

but is attended with a neceſſary Blunder. A learned Expoſitor 

of the Orrery ſays, 5 when this Machine is ſet to any Latitude, 

* (for they have a Contrivance for that too) ſet the moveable 

* Horizon to the ſame Degree upon the Meridian, and you may 

44 U 2 form 
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II. As the Orrery is a Machine proper to 


repreſent the real Motions of the Heavenly 
Bodies, ſo the Globes are adapted to their ap- 


ent Motions: And that T may give the 
1 a juſt and adequate Idea of them, I 
ſhall premiſe the following Deſcription of a 
Machine, which though imaginary, will great. 
ly tend to the true Conception both of their 
Nature and Uſes. 8 

In Order to this, let us conceive a lar 
hollow Sphere repreſenting the inſide of the 
Heavens, and on the inner Surſace of this Sphere 
let the Sun, Moon and Stars, be ſuppoſed to 
be delineated in their proper Places; and let 
the Sphere be put into a Frame, and hang 
there in ſuch Manner, as that it may be capa- 
ble of turning about an-Axis: And let it be 
ſo contrived, that either end of the Axis may 
be raiſed or lowered at Pleaſure, | L 


form an Idea of the reſpective Altitudes, or Depreſſions of the 
Planets above or below the Horizon, according to their reſpec- 
tive Poſitions, with regard to the Meridian.” | 
Now the Idea which the Motion of the Orrery in this Poſition 
gives me, is that the whole Earth is one half of the Year above 
the Horizon, and the other half below it. For the Ball which 
repreſents it in the Orrery is manifeſtly ſo, while it performs its 
Revolution about the Sun. f 
Again, ſome Artiſts, in order to make the Orrery repreſent the 
ſeveral Phaſes of the Moon, make one half of the Ball that 
repreſents her black; in which caſe they are obliged to contrive 
it ſo, that the ſame ſide of the Moon ſhall not be always turned 
towards the Earth; which is contrary to her real Motion, or 


that the dark fide ſhall ſometjmes be turned towards the Sun, 
which is abſurd. FR os anne 


In 
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In the midſt of this Sphere, let there be a 
ſmall Ball to repreſent the Earth, but ſo fixed 
there, as not to turn round with the Sphere, 
and let a Spectator be ſuppoſed to be placed 
on the uppermoſt Point of this Ball; and to 
prevent the lower half of the Sphere from 
being viſible to him, let a Plane, that is, a 
thin broad Subſtance, a Plate of Braſs for In- 
ſtance, be ſuppoſed fixed on that Point of the 
Ball where the Spectator ſtands, and to reach 
on all ſides as far as the inner Surface of the 
Sphere: This will 4 the Horizon of 
that Spectator; becauſe it ſeparates the upper 
half of the Sphere, which we are to ſuppoſe 
viſible to this Spectator, from the lower, which 
we muſt ſuppoſe to be out of his Sight. Then, 
as is moſt obvious, by turning this Sphere 
once round, while the Ball, the SpeQator and 
the aforeſaid Plane remain unmoved, the riſing 
and ſetting ef the Sun, Moon and Stars, by 
their paſſing by the Edges of this Plane, will 
be duly repreſented: (a) And thoſe Stars 
which do not go down 1ſo low as the Plane 
(as is evident if one End of the Axis of the 
Sphere be above it, ſome will not,) will be 
thoſe which never ſet to a Spectator on that 


Part of the Earth, which correſponds with the 


(=) The Reader is to ſuppoſe here, that in this caſe the 
Sphere is not hung in its Frame in ſuch manner, that one Ex- 
tremity of its Axis ſhall be directly over the Spectator; becauſe 
In that caſe none of the Heavenly Bodies in turning the Sphere, 
will paſs by the Edge of the Plane, 


upper- 
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uppermoſt Point of the Ball; thoſe which 
during the whole Revolution, do not riſe & 
high as to come above it, w Ae thols which 
never riſe. 

Again, if we ſuppoſe a Circle as large a8 the 
inſide of the Sphere will admit of, to be pla- 
ced within it, in ſuch manner as to have the 
Axis of the Sphere paſſing through two oppo. 
ſite Points of it, and alſo to have one Point of 
it directly over the Head of the Spectator, 

and the oppoſite one directly under his Feet, 
and to remain unmoved while the Sphere turns; 

This will repreſent the Meridian of that Spec- 
tator ; and ſo the Culminations of the Hea- 
venly Bodies, that is, their paſſing the Meri- 
dan iu the Heavens, will be exhibited by their 
paſſing by this Circle. 

7 if we alſo imagine an Index like 
the Hand of a Clock, to be fixed upon one 
of the Extremities of the Axis of the Sphere, 
in ſuch manner as to turn with the Sphere, and 
to point continually to a Circle fixed on the 
Frame, with the 24 Hours delineated upon it; 
and if this Index be ſet to point to the Hour 
12, when the Sun's Place upon the Sphere for 
any given Day, is at the Circle that repreſents 
the Meridian, — by turning the Sphere this 
way or that, till the Place of the Sun or any 
of the Stars comes to the Plane abovemen- 
tioned, the Index moving along with the Sphere, 
will point to the Hour at which they riſe or 
ſet that Day: And if we obſerye to 85 

N our 
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Hour the Index points, when any of them 
croſſes the Meridian within the Sphere, the 
Time of their Culmination, or Southing, Will 
be expreſſed: And ſo py this Machine all 
problems relating to the riſing, ſetting and 
ſouthing of the Sun, Moon and Stars, may be 
ſolved. The Reaſon why the Index muſt be 
ſet to point to the Hour 12, when the Place 
of the Sun is brought to the Meridian, is that 
it may point to that Hour, which the real Sun 
der when the Heavens ſtand in a Poſition 
correſponding with that of OUT imaginary 
Sphere. : 

But ſince by means of the annual Motion of 
the Earth round the Sun, the Sun continually 
ſhifts its apparent Place in the Heavens in ſuch 

manner, as to ſeem to deſcribe a great Circle 
once a Year; it is evident that its Place cannot 
be delineated on the infide of this Sphere as 
we have ſuppoſed, unleſs it be for a Day or 
a few Hours, during which Time its change 
of Place is fo ſmall that it may be negleQed. 
In like manner the Planets are continually 
changing their apparent Places in the Heavens, 
by means of their Motions in their reſpective 
Orbits; neither therefore can their Places be 
aſſigned them; unleſs for a very {mall interval 
of Time. Let us then imagine both the Sun 
and tlie Planets to be repreſented by little Balls 
adhering to the inner Surface of the ſaid Sphere ; 
but let it be ſo contrived, that each Ball ſhall 
ſhift its Place with every Turn of the Sphere, 
2 paſt 


| 
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juſt ſo much, and in the ſame Direction that 
the Sun or other heavenly Body the Ball re- 
preſents, appears to ſhift its Place in the Heavens 
in one Day: And let the Index ſhift with the 
Sun, ſo that it may always point to 12, when 
the Place of the Sun comes to the Meridian. 

Then, as is moſt obvious, will our Machine 
be ſo adapted, that upon turning it round con- 
tinually, the Change ot the Time of the riſing 
and fetting of the. Sun, its different Meridian 
Altitude, the viciſſitude and length of Day and 
Night, the alteration of the Time of the ri- 
ſing and ſetting of the fixed Stars and of the 
Planets, for ſo many Days running, as is the 
Number of Turns given to the Globe, will all 
be exhibited to View: And conſequently by 
turning the Sphere 365 Times round, the Suc- 
ceſſion of the Seaſons will be repreſented 
throughout the Vear with abundance more, 
or rather will all the remaining Phænomena of 
the Heavens. 

This Machine, as hitherto deſcribed, ſerves 
only to exhibit the Phænomena of the Hea- 
vens as they appear on one Point of the Earth's 
Surface, vi. that which is repreſented by the 
uppermoſt Point of the Ball, or that where the 
SpeQator was ſuppoſed to ſtand. But if we 
imagine the Plane which was put as a Boun- 
dary to the Spectator's Sight, to be applied to 
ſome other Point of the Ball and fixed there, 
then the Motion of the Sphere will exhibit 
the Phznomena, as they would appear to a 

SpeQator 
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Spectator on that Part of the Earth, and fo for 
the reſt; or which comes to the ſame thing, if 
while the Plane remains unmoved, one of the 
Poles of the Sphere be elevated above it as 
many Degrees as the correſponding Pole in the 
Heavens is above the Horizon of a SpeQator, 
on any Part of the Earth; then will the Re- 
yolution of the Sphere repreſent the Phæno- 
mena as they appear to that Spectator. For 
it is the ſame Thing whether the Pole be liſted 
up from the Horizon, or the Horizon put 
down below the Pole. (a) 
Now this Machine (except in ſome few 
Particulars, in which it vaſtly excels the celeſ- 
tial Globe) is exactly the ſame with it as to its 
Uſes. Thus, the Globe turns upon an Axis, 
either End of which may be raiſed or depreſ- 
ſed at Pleaſure; and on one of them is an In- 
dex that turns with the Globe, and points to a 
fixed Circle that has the Hours upon it. There 
is no Ball in the middle, as we ſuppoſed in the 
Machine, but the Place of the Spectator is al- 


(a) By means of an Orrery to repreſent the real Motions 
of the heavenly Bodies, and ſuch a Machine as above deſcribed, 
to ſhew afterwards how the apparent Motions of thoſe Bodies 
depend on, and are connected with their real ones, the Elements 
of Aftronomy . might be taught much better than by any thing 
that has as yet been contrived ; or rather, if I may ſo ſay, the 
Science itſelf might thereby be exhibited to View. For the 
Orrery, though it admirably well illuſtrates ſome Things, parti- 
cularly the Eclipſes, and in general what relates to the Motions 
of the Planets about the Sun, yet it ſhews the Appearances or 
Phznomena ariſing from thence to a Spectator, ſuppoſed to be 
at reſt upon the Surface of the Earth, but in a forced and unna- 
tural Way. 


X ways 
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ways ſuppoſed to be there; and inſtead of the 
Plane we ſuppoſed to touch that Part of the 
Ball on which the Spectator ſtands, and to be 
extended every way as far as the inner Surface 
of the Sphere, there is a broad wooden Circle 
on the outſide of the Globe, (which is Part 
of the Frame of it) exactly where that Plane 
would paſs, was it continued beyond the Sur. 
face of the Globe, and to anſwers the Uſes of 
that Plane, In the next Place, inſtead of the 
Circle we ſuppoſed fixed within the Sphere and 
paſſing through the Zenith and Nadir of the 
Spectator, and through which the Axis of the 
Sphere paſles, there is a brazen Circle on the 
outſide of the Globe, and in which it ſwings. 
And inſtead of the Stars being on the inner 
Surface, they are here on the outer one, and 
the Conſtellations are delineated in their proper 
Forms. Then as to the Places of the Sun 
and Planets, Artificers are content to leave 
them quite out, and only draw a great Circle 
repreſenting the Path of the Sun in its annual 
Courſe through the Heavens, vi. the Eclip- 
tic, and diſtinguiſh it into 12 Parts by the 
Signs thereof, and each Sign into 30 leſs, which 
are the Degrees thereof, When therefore a 
Problem is to be determined by the Globe, 
requiring that the Sun ſnould be delineated in 
its proper Place, you are to look out the Place 
of the Sun for the given Time in ſome aſtro- 
nomical Tables, Ephemeris or Almanack for 
that Purpoſe, or on the broad Surface of the 


Horizon 
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Horizon of the Globe, where there is wually 

2 Table ſhewing the Sun's Place in the Eclip- 

tic for every Day of the Year, and then to 

mark its Place on the Line which we ſaid re- 

preſented the Path of the Sun upon the Globe. 

In like manner, if a Problem is to be ſolved 

requiring the Place of any of the Planets, the 
Place of the Planet for the Time given muſt 
be looked out in ſome Ephemeris or Almanack, 
of which there are many publiſh'd yearly by 
Parker, and others, for that Purpoſe, containing 
Tables expreſſing the Longitude and Latitude 
of each Planet for every Day of the Year; 
and marking the Place of the Planet upon the 
Globe, by ſticking on a Patch, or the like, and 
ſetting the Index according to the Place of the 
Sun for the given Time, and turning the Globe 
about, the Index will ſhew the Time of that 
Planet's coming to either Side of the Horizon, 
to the Meridian, or to any Height aboye or 
below the Horizon, Sc. 


If then the Reader will form to himſelf a 
true Idea of the Machine I have deſcribed, and 
of the manner in which ſuch a Machine is ca- 
pable of repreſenting the apparent Motions 'of 
the heavenly Bodies, he cannot fail of having 
a thorough Notion of the Nature of the ce- 
leſtial Globe; the main Difference between 
them being only this, v:s. that what we have 
ſuppoſed in the one to be on the Inſide, is ei- 
ther actually on the other on the Qutſide, or 
A 2 to 
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to be fixed on, or to have its Place markeg 
there, as Occaſion requires. The uſes both of 
the celeſtial and terreſtrial Globe, as to parti- 
cular Caſes, will be further illuſtrated by the 
Inſtances at the End of this Chapter, aſter we 
have conſidered ſome other Particulars relating 
to each. | 

The Circles delineated on the celeſtial Globe 
are uſually, beſides the Ecliptic abovemention'd, 
the Equinoctial Circle at an equal Diſtance 
from either Pole, and two Parallels of it, vig. 
one on either Side, to repreſent the apparent 
diurnal Motion of the Sun, when at its 
greateſt Diſtance from the DO called 
the Tropics; and at the like Diftance from 
either Pole, two more Parallels call'd the polar 
Circles. Both the Ecliptic and the Equinoctial 
are divided into Degrees, beginning at the 
Point that repreſents the vernal Equinox, 
which is one of thoſe where they croſs each 
other; the Equinoctial into 360, but the 
Ecliptic into 12 Signs, diſtinguiſhed by their 
proper Characters, every one of which is ſub- 
divided into 30 Degrees (a). There are alſo 
ſix Secondaries of the Equator, and as many 


(2) As to the Diviſions of the Ecliptic, it is to be obſerved, 
that the Degrees belonging to each Sign are not to be found 
where the i whoſe Name it bears is delineated, but 
where the Character peculiar to that Sign is placed. The Reaſon 
of which is, becauſe the firſt Degree of Aries, from whence all 
the reſt are unted, being where the Equinoctial cuts the Equa- 
tor, is not in this Age in any Part of the Conſtellation that beass 
that Name, as was accounted for above. f 
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of the Ecliptic cutting it in the firſt Degree 
of each Sign; two of which are alſo Seconda- 
ries of the Equator, viz. the Equinoctial and 
| Solftitial Colures. Further, the Globe is fo 
hung in its Frame, that that Side only of the 
brazen Meridian which has the Degrees marked 
upon it, paſſes through the Axis of it, which 
Side only, in all Caſes where that Meridian is 
conſidered, is therefore ſuppoſed to repreſent it. 
Upon the broad Surface of the wooden Hori- 
zon, beſides the innermoſt Circle divided into 
its 1 Degrees, there is a Table ſhewing 
what Degree of the Ecliptic the Sun is in for 
every Day of the Year, as was obſerved above; 
in order to which the 12 Signs of the Ecliptic, 
with the Degrees of each, and the 12 Calendar 
Months, are ſo placed over-againft one another, 
both according to the Julian and Gregorian 
Account, that is, according to the old and new 
Stile, as that the Days of the one may duly 
anſwer to the correſponding Places of the Sun 
upon the other. There is alſo a Circle, repre- 
ſenting the Winds or Points of the Compaſs. 
There is alſo belonging to the Globe a Qua- 
drant of Altitude. It is a long and narrow 
Plate of Braſs, made ſo thin and plyant, that 
the whole Length of it may be applied cloſe to 
the Surface of the Globe, and having the De- 
grees upon it, (a) ſerves to meaſure the Diſtan- 


(a) That Edge, which has the Degrees neareſt it, bs called its 
graduated Edge, and is the only Part of it that is conſidered in 


the ufing it. 
CES 
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ces of Places on the Globes; or being fixed 
on to the uppermoſt Point of the Meridian of 
the celeſtial Globe, (for which Purpoſe it has 
a Screw at one End) and having the other End 
thruſt in between the Horizon and the Globe, 
meaſures the Height of a Star, or other Hea- 
venly Body above the Horizon, Gc. From 
which latter Uſe it has its Name. 


The terreſtrial Globe differs from the ce- 
leſtial principally, in that inftead of the Con- 
ſtellations, the ſeveral Countries of the Earth 
are delineated thereon ; and the Circles on this 
Globe are uſually the Ecliptic, and the Equa- 
tor, on which are numbered the Degrees of 
Longitude, (a) the two Tropics, the two po- 
lar Circles, Secondaries of the Equator cutting 
it at every tenth Degree, and Parallels alſo 
of it at every tenth Degree on each Side. 
There are alſo drawn upon it Rhumb Lines, or 
thoſe which a Ship, keeping the ſame Courſe, 
that is, ſteering continually in the ſame Point 
of the Compaſs, deſcribes upon the Surface of 
the Sea. The Property of a Line of this 
Kind, is that it cuts all the Meridians it paſſes 
through, under the ſame Angle, and therefore 
is a kind of Spiral continually approaching to- 
wards ſome Point. This is called a Loxodro- 
mic Curve. 


(2) On ſome Globes, the Degrees of Longitude are number'd 
both ways from the firſt Meridian, till you come to the oppoſite 
Point, and the Longitude is accordingly diſtinguiſhed into Eaſt + 


and Weſt, | 
The 
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The Lines of Variation deſcribed upon the 
terreſtrial Globe, ſhew the Direction of the 
magnetic Needle, in thoſe Places iri which it 
does not point directly towards the North. 
For it is obſerved, that the Needle in 
ſome Parts of the World, declines from the 
North to the Eaſt, and in others to the Weſt. 

Further, on the Pedeſtal of ſome Globes 
there is a Mariner's Compaſs fixed, by the help 
of which, the brazen Meridian of the Globe 
may be ſet North and South. (a) 


After this Deſcription of the Globes, and ge- 
neral Idea of the Uſe thereof, it may now be 
proper to exemplity the latter by the following 


Inſtances. | 


And firſt of the celeſtial Globe. 


Problem I. To re&ify the Globe 20 zhe 


Latitude of any Place upon the Sur- 
face of the Earth. 


If the Place be in the Northern Hemiſphere 
of the Earth, ſlide the Meridian within the 
Notches of the Horizon, till there be as many 


(42) The Armillary Sphere comes the neareſt of any we have 
to that imaginary Machine deſcribed above, for 'it is hollow, 
and has a Ball in the middle to repreſent the Earth ; but then 
in all other ReſpeQts it is like a Globe, except that the Surface 
is cut away every where, (unleſs where a Circle is deſcribed) 
that you may ſee the Ball in the middle. There is one Circle 
left broad enough to repreſent the Zodiac, on which the Places 
of the Sun and Planets may be marked, ns Occaſion requires. 


Degrees 


16 The Deſcription and Uſe Part IV 


Degrees of the Meridian between the North 
Pole and the Horizon, as are equal to the La- 
titude of the Place (a). If the Place be in the 
Southern Hemiſphere, the Southern Pole muſt 


be raiſed to a like Height above the Horizon. 


Pros. II. 70 find what Stars never 


riſe or never ſet in any Place or La- 
titude giver. 


The Globe being rectified to the given La- 
titude of the Place by Problem the firſt, thoſe 
Stars which paſs not under the wooden Hori- 
zon of the Globe, during its whole Revolution, 
never ſet to a Spectator in that Latitude: And 
{uch as do not come up above it, never aſcend 
above that of the Spectator, and ſo never are 
ſeen to riſe. 


(a) The Reaſon of this is, becauſe to a Spectator, upon any 
Part of the Earth, the Elevation of the Pole is equal to the La- 
titude of the Place; and the Globe is ſaid to be rectiſed by this 

ion, becauſe, by this means, that Point of the little Ball, 
(for ſuch we muſt always ſuppoſe to be in the middle of the Globe, 


to repreſent the Earth) that correſponds to the Place of the Spec- 


tator upon the Earth, is brought to the uppermoſt Point thereof ; 


and ſo the Horizon thereof becomes coincident with the Plane of 


the wooden Horizon that ſurrounds the Globe, and the Poles 
of the Globe having the like Situation with reſpect to the up- 
permoſt Point of the Ball, that the Poles of the World have 
with reſpect to the Place of the Spectator; it is evident that the 
Revolution of the Globe is fitly diſpoſed to exhibit that of the 
Heavens, as it would appear to that Spectator. 


PRO B. 


ER 2 1 ii. A. nnn n 
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Pros, III. To find the Sun's Place in 
the Ecliptic, for any Day given. 


If the Day given be according to the Julian 
Account, or old Stile, then in the wooden 
Horizon of the Globe, in the Julian Kalen- 
dar, otherwiſe in the e gt find the Day 
given, over-againſt which in a Circle, which 
contains the ſeveral Signs and Degrees of the 
Ecliptic, is that Degree in which the Sun is in 
that Day. Though it may be found more 
accurately by an Ephemeris calculated for 
that Year. Then in the Ecliptic, delineated 
on the Surface of the Globe, look for the ſame 
Degree, and that is the Place of the Sun upon 
the Globe for that Day. 


Pros. IV. The Latitude of a Place 
being given, to find the Time of the 
Sun's riſing and ſetting, and conſe- 
quently the Length of Day and 
Wight in that Place. 


Having rectified the Globe according to the 
Latitude, (by Prob. 1.) and found the Sun's 
Place in the Ecliptic (by Prob. 3.) bring the 
latter to the graduated Edge of the brazen Me- 
ridian, and holding * Globe in that W 

et 
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ſet the Hour Index to 12 at Noon; (a) then 
turn the Globe till the Sun's Place in the E- 
cliptic comes to the eaſſern Part of the Hori. 
zon, and the Index will point to the Hour at 
which the Sun riſes; and if you turn the Globe 
till the Sun's Place cuts the weſtern Side of 
the Horizon, the Index will ſhew the Time of 
its ſetting. 10 


PRO E. V. To find the Hour of the 
Day, by the Height of the Sun. 


Firſt, by the Help of a Quadrant or ſome 
other Inſtrument for that Purpoſe, obſerve how 
many Degrees the Sun is elevated above the 
Horizon. Then the Globe being rectified to 
the Latitude of the Place, and the Sun's Place 
in the Ecliptic found, and the Hour Index 
duly placed, that is, ſo as to point to 12 at 
Noon, when the Sun's Place is under the Me- 
ridian; and ſcrewing the Quadrant of Alti- 


tude on to the Meridian at the Zenith, (7. e.) 


at ſo many Degrees from the Equator, as is the 
Latitude of the Place. Turn the Quadrant of 
Altitude and the Globe backwards and for- 


(a) Becauſe when the Place of the Sun is in the Meridian, 
the Globe repreſents the Poſition of the Heavens, in reſpect of 
the given Place, as they are at Noon, or 12 0 Clock of the Day 
given. And conſequently, if the Hour Index be put to 12, 
when the Globe is in this Poſition, as it turns with the Globe, 
it will point to the Hour that correſponds with any other Poſition 
of the Globe that Day. . | | : 

wards, 


_— 
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wards, till the Sun's Place in the Ecliptic lies 
under that Degree on the graduated Fdge of 
the Quadrant of Altitude, which anſwers to 
the Sun's Height found as above, then will 
the Hour Index point out the Time of the 


Day. (a) 


PRO B. VI. To find the Hour of the 
Wight, by the Height of a Star. 


The Height of the Star being found by an 
Inſtrument, the Globe rectified, and the Qua- 
drant of Altitude fixed, as in the foregoing 
Problem, move the Globe and the Quadrant, 
till the Star comes under its graduated Edge, 
at that Degree which expreſſes the Height of 
the Star above the Horizon; then will the 
Hour Index point to the Hour of the Night. 


PRO B. VII. To find the Place of a 
Star or Planet upon the Globe, its 
Longitude and Latitude being given. 


Lay the firſt Degree of the Quadrant of Al- 
titude, upon that Degree of the Ecliptic, 
which expreſſes the given Longitude, and the 
ninetieth Degree thereof on the Pole of the 


(a) Becauſe when the Sun's Place is brought to this Point of 


the Globe, it is ſo many Degrees above the Horizon, as the Sun 
itlelf is above that of the Spectator. 


X 2 Ecliptio 
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Ecliptic, (that is, where its Secondaries croſ, 
each other upon the Globe) either Northern or 
Southern, as the given Latitude is North or 
South: Then look upon the Quadrant for the 
Degree of Latitude given, and the Point of 
the Globe which is under that, is the Place of 
the Star or Planet ſought. (a) 


PR O B;. VIII. To repreſent the Appea- 
rance of the Heavens at any Time of 
the Night, that is, to ſhew the Si- 
tuation of the fixed Stars at that 
Time. YE 


Rectify the Globe, and ſet the Hour Index 
to the Sun's Place in the Ecliptic, and turn the 


Globe till the Index points to the Hour of the 
Night, (6) 


Prob. 


a) The Reaſon of this is, becauſe the Quadrant of Altitude 
in this Situation, repreſents a Secondary of the Ecliptic, an Arch 
of which interſected between the Star and the Ecliptic is its La- 
titude ; and an Arch of the Ecliptic between the Point where it 
is interſected by a Secondary paſſing through the Star, and the 
firſt Degree of Aries, is its Longitude. W 
3) For then the Situation of the Stars upon the Globe, with 
reſpect to the Horizon and Meridian, will be ſimilar to that of 
the Stars in the Heavens; wiz. thoſe which appear on the 
Eaſtern Side the Globe in the Horizon, will then be riſing, 
and thoſe in the Horizon at the other Side will be ſetting, thoſe 
which are under the Meridian, will then be culminating, &c. 
And if by means of a Compaſs upon the Pedeſtal of the Globe, 
you {ct the brazen Meridian Narth and South, ſo that the 1 
| | are 


n XV. Of the n &c. 167 


P ROB. IX. The Day of the Year and 
the Latitude of 55 Place being gi- 
den, to find the beginning of the Morn- 
ing, and End of the Evening Twi- 
light. 


The Globe being rectified to the Latitude 
of the Place, and the Hour Index ſet to the 
Place of the Sun in the Ecliptic, elevate that 
Degree of the Ecliptic which is diametrically 
oppoſite to the Sun's Place, 18 Degrees above 
the Weſt Side of the Horizon, (a) and the 
* Index will ſhew the Time of D 


Part of it ſhall * the South Part of the Heavens, the Si- 
tuation of the Stars upon the Globe, with reſpect to the Points of 
the Compaſs, will alſo be ſimilar to that of the Stars in the 
Heavens at that Time: 3 ſo that by comparing the Situation of 
the Stats upon the Globe, with thoſe in the Heavens, you ma 
eafily make yourſelf acquainted with all the Stars, that are vii 
ble in this Part of the World. 

If the Situation of the Moon or the other Planets is alſo to 
be repreſented, their Places in the Zodiac for that Time mult be 
aſſigned them by Problem the laſt, their Longitude and Latitude 
being firſt found by an Ephemeris for that Purpoſe. 

ca) Becauſe F448 the Place of the Sun will be ſo many De- 
grees below on the other Side, in which Situation of the Sun, 
we obſerved above, that the Twilight begins. The Quadram 
of Altitude will ſhew when the Point oppoſite to that of the 
Sun is 18 Degrees above the Horizon. If this be tried for any 
Time while the Sun is paſſing from about the 5th Degree of 
Gemini, to the zoth of Cancer, that 1 is, from about the 15th of 
May, to about the 7th of Juh, it will be found that « Sag is no 
Beginning or End of Twilight, tHe Sun never being 18 Degrees 


below the Horizon 2 the Latitude of London) * that Time. 
QF 
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or the Beginning of Morning Twilight. And 
if the ſame Point of the Ecliptic be raiſed 18 
Degrees above the Eaſt Side of the Horizon, the 
Index will point out the Time when the Eye. 
ning Twilight ends. 


PRO B. X. To account for the Phæno- 
mena of the Harveſt Moon. 


About the autumnal Equinox, when the 
Moon is at or near the Full, it riſes almoſt at 
the ſame Hour for ſeveral Nights together; 
which Phænomenon is called the Harveſt Moon. 
(a) In order therefore to ſhew by the Globe 
how this comes about, let us ſuppoſe the 
Place of the Sun to be in the firſt Degree of 
Libra, as it always is at that Equinox, and 
that of the Moon to be in the Point oppoſite 
to the Sun, or the firſt Degree of Aries, be- 
cauſe the Moon muſt be conſidered as being at 
the Full. In this Caſe it is obvious that the 
Moon will riſe when the Sun ſets, which will 
be at Six of the Clock ; becauſe both Lumi- 
naries are in the Equator and at oppoſite Points. 
Now fince the Moon performs an entire Revo- 
lation in its Orbit, (which we will at preſent 
conſider as coincident with the Ecliptic) in the 
Space of one Month, it therefore advances for- 
wards 12 Degrees each Day, and conſequently 


(a) Mr. Fobnfon calls this Phænomena Luna autumnalis, and 
is the only Author that I know of that has accounted for it. 
Quzſtiones Philoſoph. Edit. 2da. Page 124. , 

| the 
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tube next Night it will be in the 12th Degree 
of Aries. Let us then enquire at what Time 
the Moon will riſe. this Night. To this End, 
rectify the Globe to the Latte of the Place, 
bring the Sun's Place, which is now the ſecond 
Degree of Libra, to the brazen Meridian, and 
put the Hour Index to 12; and if the Globe 
be turned till the Place of the Moon, vi. the 
12th Degree of Aries, cuts the eaſtern Side of 
the Horizon, we ſhall find the Hour Index 
will point nearly to the Hour of Six, which, 
as obſerved above, was the time of the Moon's 
riſing the Evening before. And thus if we in- 
veſtigate the Time of the Moon's riſing for 
ſeveral Nights together, both before and aſter 
the Full, it will be found much the ſame in all. 
The Reaſon of this is, that about the Time 
of the full Moons, which happen at this Part 
of the Year, the Moon being in the aſcending 
Signs of the Zodiac, appears in its nocturnal 
Courſe to deſcribe a Parallel of the Equator 
one Night, much nearer the North Pole than 
another, and fo riſes every Night more and 
more to the Northern Parts of the Horizon, 
and that conſiderably, as paſſing quite from 
the Southern to the Northern Tropic in a 
Fortnight's Time. Now it is eaſy to conceive 
that the nearer any of the Heavenly Bodies is 
to the North Pole, the ſooner that Body 
(cæteris paribus) aſcends the Horizon: Thus, 
if the Body be within a little of the Gircle of 
perpetual Te that Body is no ſooner 
ict but it riſes again. In every Lunation wy 
ore 
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fore, while the Moon is paſſing from the 
Southern to the Northern Tropic, ſome Mi- 
nates are on that Account to be deducted from 
thoſe by which it would riſe later and later 
each Night, did the Plane of its Orbit coincide 
with that of the Equinoctial; and as much is 
to be added while ſhe paſſes from the Northern 
to the Southern Tropic. And for the like 
Reaſon in the former Caſe ſomething is to be 
added to the Time it would ſet at; and in the 
latter a like Quantity is to be deducted. 

Now about the time of the autumnal A. 
quinox, the Sun being then in Libra or there- 
abouts, the Moon is in the midſt of the aſcen- 
ding Signs, when at the Full. Hence it is that 
the full Moons at that Time of the Year, riſe 
ſo little later the one than the other. 

In like manner, if any one thinks it worth 
while to obſerve it, he will find that the neu 
Moons in the Spring, riſe nearly at the ſame Hour 
for ſeveral Nights ſucceſſively, while the full 
Moons ſhall riſe one later than another, by a 
greater Difference than at any other time of the 
Year. The Reaſon is, becauſe at the time of the 
new Moons, which happen at that Part of the 
Year, the Moon is in the aſcending Signs, but at 
the full, in the deſcending ones. (a) a 


(a) It is here to be obſerved, that this Phænomenon is not the 
ſame as to Degree, in different Years; becauſe as the lunar 
Orbit is inclined to the Ecliptic 5 rees, and the Line of its 
Nodes is continually revolving round, the Inclination of that 
Orbit to the Equator. will be ſometimes 10 Degrees greater than 
at others. So that the Moon does not haſten to the North, or 
deſcend to the South in each Revolution with equal Pace. 


Prob. 
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PRO B. XI. To determine the Time of 
the Year in which a Star riſes or ſets 
Coſmically, or Acronically. | 


Having rectified the Globe to the Latitude 
of the Place, bring the Star to the Horizon on 
the Eaſtern Side of the Globe, and obſerve 
what Degree of the Ecliptic riſes with it; 
Look tor that Degree in the wooden Horizon, 
and right againſt it- in the Kalendar, you will 
find the Month and Day when that Star riſes 

coſmically (42). And if you bring the Star 
to the Weſtern Side of the Horizon, the De- 
gree of the Ecliptic which cuts the Eaſtern Side 
of the Horizon in that Situation of the Globe, 
will give the Day of the Month when the 
ſaid Star ſets coſmically (4). So likewiſe againſt 
the Degree which fets with the Star, you will 
find the Day of the Month of its Acronical 
ſetting; and if you bring it to the Eaſtern 
Part of the Horizon, the Degree of the Eclip- 
tic which then cuts the Weſtern Part of the 
Horizon will be the Sun's Place when the 
Star riſes Acronically. 


(a) For that will be the Day when the Sun and the Star riſe 
at the ſame time, which is its coſmical Riſing. | 
(>) The coſmical (ating of a Star being its ſetting at Sun-riſe. 


L Px OB. 
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PRO B. XII. To find the Time of the 
Heliacal ing and ſetting of a Star. 


Having rectified the Globe to the Latitude 
of the Place, bring the Star to the Eaftern 
Side of the Horizon, and apply the Quadrant 
of Altitude to the Weftern Side in ſuch manner 
that its twelfth Degree may cut the Ecliptic, 
if the Star be of the firſt Magnitude (a). Then 
will the Point of the Ecliptic oppoſite to that 
which is cut by the Quadrant, be 12 Degrees 


below the Horizon. Look for this Degree on 


the wooden Horizon, and over-againſt it you 
will have the Day of the Year, when the Star 
riſes Heliacally. To find the Heliacal ſetting, 
bring the Star to the Weſtern Side of the Ho- 
rizon, and turn the Quadrant of Altitude about 

to the Eaſtern Side, till the 12th Degree of it 
cuts the Ecliptic; then that Degree of the 


Ecliptic which is oppoſite to this Point, is the 


Sun's Place at that 'Time of the Year when the 
Star ſets Heliacally. | 


(a) Becauſe a Star of the firſt Magnitude being above the Ho- 
rizon, may be ſeen when the Sun 1s 12 Degrees below it. If 
the Star be of the 2d Magnitude, that Degree of the -Ecliptic 
muſt be taken, which is 13 Degrees below the Horizon when 
the Star riſes, if of the 3d, then the 14th, Oc. 


Pros. 
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PROB. XIII The Day of the Month, 
the Time of the Day, and the Lati- 
tude of the Place being given, to find 
thereby the Hour of the Day, accor- 
ding to the Babylonic, Italic, and the 
Judaical Way of reckoning. 


1. To find the Babylonic Hour (which is 
reckoned from the Time of the Rifing of the 
Sun) having found the Time of Sun's riſing in 
the given Latitude, the Number of Hours 
between that and the Time given, is the Hour 
of the Day according to the Babylonic Way 
of Reckoning. 8 

2. To find the Halic Hour (which is rec- 
koned from Sun ſetting,) firſt find the Time 
at which the Sun ſets on the given Day.* The 
Time elapſed from that to the Time given, 
will give the Tralic Hour ſought. | 

3. To find the Hour according to the Jeveiſb 
wa ay of Reckoning (one of which Hours is a 
twelfth Part of the Time that the Sun continues 
above the Horizon, and they are reckoned 
from Sun riſing,) firſt find the Hour the Sun 
ſets at, this being doubled will give the Num- 
her of Hours the Sun continues above the 
Horizon on the Day given. Then as that 
Number of Hours * 12, ſo is the ä 

2 © 
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of Hours ſince Sun riſing, to the Judaica! 
Hour required. 

Thus in the Latitude of London, when the 
Sun riſes at 4 of the Clock and ſets at 8; if the 
Hour given be 5 in the Evening, the Habylo- 
nic Hour will be the 13th, the Italic the 


21ſt, and the Fewiſb Hour will be Nine and 
three Quarters. 


Pros. XIV. To find the Place of any 
of the Heavenly Bodies upon the 


Globe, from their right Aſcenſion 
and Declination. EN / 


Bring that Point of the Equator which ex- 
reſſes the right Aſcenſion giyen, to the brazen 
Meridian, and look upon the Meridian towards 
the North or South Pole, according as the De- 
clination is North or South, for the Degree of 
Declination given, under which is the Place 
ſought (4). | 


(a) For in this Caſe the Meridian is made to repreſent a Se- 
condary of the Equator paſſing through the Place, an Arch of 
which lying between the Place and the Equator is the Declina- 
tion, and the Diſtance between the Place of the Equator through 
with it paſſes, and the firſt Degree of Aries, is the right Aſcen- 

on. 2 


* 
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Of the Terreſtrial Globe. 


PRO B. XV. From the Longitude and 
Latitude of a Place, upon the Sur- 
face of the Earth being given, to 
find the Place upon the Globe. | 


This Problem is much the ſame with the 
laſt, only inſtead of the celeſtial, we uſe the 
terreſtrial Globe; and inſtead of reckonin 
the Longitude from the firſt Degree of Aries, 
the Point from which right Aſcenſion is rec- 
koned, it muſt be counted from the firſt Me- 
ridian. | 

Bring the Degree of the Equator, which 
numbers that of the Longitude given, to the 
brazen Meridian, upon which count towards 
the North or South Pole, according as the 
Latitude is North or South, till you come to 
the Number of the Latitude, under which is 
the Place ſought. (a) 


(2) In ſome Globes, the of Longitude are numbered 
both Ways from the firſt Meridian, till they meet in the oppo- 
ſite Point, and the Longitude is diſtinguiſhed into Eaſt and Weſt 


as obſerved above : In ſuch Caſe it muſt be known which Kind 
the given Longitude is of. | 


P ROB. 
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Pros. XVI. To determine the Difference 
of Time in different Places, 


Find the Longitude of each Place, by the 
Converſe of the laſt Problem, and reduce the 
Difference into Time; which is done by al- 
lowing an Hour for every 15 Degrees, and ſo 
proportionably for leſſer Parts, the Number 
of Hours, Sc. thus found, will be the Difference 
between the Time of the Day at one Place, 
and that at the other (a). 


Pros, XVII. To find the Diſtance be- 
tween two given Places, and the 
Angle of Poſition, that is, the Bear- 
ings of them, or the Situation of 
one from the other, with reſpect to 


the Points of the Compaſs. 


Rectify the Globe to the Latitude of one of 
the Places, and bring that Place to the brazen 
Meridian; then fix the Quadrant of Altitude 


(a) The Reaſon of this is, becauſe as the Earth by turning 
round its Axis, brings all Places to the Sun once in 24 Hours ; 
that Place which lies 15 Degrees to the Weſtward of another, 
comes to it an Hour later than the other; and ſo the Inhabitants 
of this Place are an Hour later in their reckoning of Time than 
at the other Place. And the contrary holds of ſuch as live to- 

wards the Eaſt, 


to 
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to the uppermoſt Point of the Meridian, and 
putting the lower End of it between the Ho- 
rizon and the Globe, flide it about till it paſſes 
through the other Place, and the Number of 
Degrees upon the Quadrant between Place and 
Place, turned into Miles by reckoning 60 to | 
cach Degree, will give the Diſtance between 

them; and the Number of Degrees upon the 8 
Horizon, between the Meridian and the Foot 

of the Quadrant, will give the Bearing of the | 
Second, or its Situation from the firſt, with i 
reſpect to the Points of the Compaſs. 1 


PRO B. XVIII. To find a Meridian i | 
Line, partly by the Help of the 108 


celeſtial Globe. | | 
Set the Hour Index to the Place of the Sun | 
in the Ecliptic, and turn the Globe till the 1 
Pole Star, that is, the Star which is the neareſt 1 
the Axis of the Globe, comes under the Me- | 


ridian, cither above or below the Pole; above, 1 
? if you find that the Index in that Situation of j 
the Star, points to one of the Hours of the 1 
Night, otherwiſe below; and mark what 
Hour the Index points to. 'Then at that Hour 
of the Night hang up two Plummets, letting 
their Weights hang in Water to prevent their | 
vibrating, in ſuch manner that the String of one 1 
of them may be directly between the Pole Star ot 
and the String of the other. Then will a Line | | 
i 


drawn 
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drawn from one String to the the other; or the 
Shadow of the one when it falls upon the other, 
be a Meridian Line. And this I take to be a much 
more accurate, as well as an eaſier Method, than 
the common one of fixing up a Pin upon a Plane, 
drawing a Circle about the Foot of the Pin, and 
obſerving where the Extremity of the Shadow 
of that Pin enters the Circle in the Morning 
and goes out of it in the Afternoon, and draw- 
ing a Line from the Foot of the Pin through 
the middle Point between thoſe Places for a 
Meridian Line. For this latter Method re- 
quires more Care and Trouble to do it accu- 
rately, than they who haye not tryed it, would 


imagine. 


— A. — 
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CH AP. XVI. 
Of the Equation of Time. 


Hereas Time conſtantly paſſes on with 

an uniform and regular Flux, it is evi- 
dent there is no poſſible Way accurately to 
meaſure and compare the ſeveral Intervals of it 
one with another, but by the Motion of ſome 
Body whoſe Progreſs is as uniform and regular 
as itfel To this End it was natural to pitch 
upon the Sun, whoſe Motion is obvious to all, 
and ſeemingly regular enough for that Purpoſe. 
But by the Circumſpection and accurate Ob- 
ſer vations 
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ſervations of Aſtronomers, it is diſcovered not 
to be ſo; and that neither the Days, nor even 
the Hours themſelves, as meaſured by the Mo- 
tion of the Sun, are of an equal Length. And 
this upon two Accounts, as will appear from 
the following Conſiderations. 

I. A natural Day, or 24 Houts, is that in- 
terval of Time, in which the Sun ſeems to 
paſs from the Meridian of any Place to the 
{ame again: Had therefore the Earth no Mo- 
tion but about its'own Axis, and conſequently 
the Sun no apparent one along the Ecliptic, 
all the Days would be of an equal Length, as 
depending only on the Motion of the Earth 
about its Axis, which is uniform: But ſince 
the Earth is conſtantly moving in its Orbit, 
the ſame Way it turns about its Axis, the Sun 
is always in appearance advancing forwards. 
When the Earth therefore is turned round, 
and a Spectator upon its Surface brought again 
to the Place he was at the foregoing Day at 
Noon, it is not yet Noon with him, the Sun 
in appearance having advanced to the Eaſtward 
in the mean time; ſo that the Spectator muſt 
be carried farther ſtill, viz. ſo many Degrees 
as the Sun has advanced that Way, before he 
can be brought to the Meridian the Sun is 
in (a). Now by Reaſon of the unequable and 


(a) This is the Reaſon that the Length of the Day is rot 
exactly equal to the Time, in which the Earth performs its Ro- 
tation about its Axis, which is, as was obſerved in Note (/, 
Chap. I. but 23 Hours 56 Minutes and 4 Seconds. | 


A a Irregular. 


—— . — — — —— — —— 
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irregular Motion of the Earth in its Orbit, or 
the irregular apparent Motion of the Sun along 
the Ecliptic depending thereon, the Number 
of Degrees the Sun advances Eaſtwards each 
Day, is ſometimes greater and ſometimes leſs : 
and conſequently, upon this Account, the Days 
muſt differ one from another in Length; and 
therefore the Hours alfo, ſince each Day is ſup- 
poſed to conſiſt of 24, be it long or ſhort. 
II. Was the apparent Motion of the Sun 


through the Ecliptic uniform and regular, yet 


as the Ecliptic is oblique to the Equator, and 
therefore equal Portions of the one do not 
correſpond to equal Portions of the other; the 
Motion of the Sun, when referred to the Equa- 
tor, would not be uniform; or, which is the 
ſame Thing, thoſe Points of the Equator 
which come to the Meridian with the Place of 
the Sun on different Days, would not be at 
equal Diſtances one from another; (a) which 
as to the Time of the Sun's appearing in the 
Meridian, or its ſhewing the Hour of the Day 
upon a Daal, is the ſame as if it had an irregu- 
har Motion along the Equator; and therefore 
muſt. cauſe it to render the Days unequal among 
themſelves. 


As theſe Cauſes are independent of each 


other, they ſometimes conſpire together; ſome- 


times they are contrary the one to the other. 


(a) This is eaſily tried upon a Globe, where if we bring 
Every tenth Degree of the Ecliptic to the brazen Meridian, we 
ſhall find that each tenth Degree of the Equator, will not come 
thither with it. | 

The 


Chap. XVII. Of the Diviſion of Time. 181 


The Time which an uniform Motion would 
mark out, is called rue Time; and that which 
is indicated by the Sun, is apparent Time; and 
the Difference between theſe is termed the E- 
quation of Time, When the abovementioned 
Cauſes have continued for ſome time, to render 
the apparent Motion of the Sun too quick or 
too ſlow, this Difference is conſiderable, 
About the 13th of October, it is the greateſt 
of all; at which Time the Sun is 16 Minutes 
and 11 Seconds too faſt, 


— — 1m... 
— 
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C HAP. XVII. 
Of tbe Diviſion of Time. 


"T"H-E ſeveral Parts of Time are princi- 

pally diſtinguiſhed by Days, 3 
Weeks, Months, Years, Cycles, Periods and 
Eras. Of which in their Order. 

By a Day, according to the moſt natural and 
obvious Senſe of the Word, is meant that 
Space of Time during which it continues to 
be Light, and thus is oppoſed to that wherein 
it is Dath which is called the Night. But 
this Space of 'Time being ſomewhat vague and 
indeterminate, the Time between the Sun's 
Riſing and Setting is uſually looked upon as 
the Day, and the Time which lapſes from its 
Setting to its Riſing again, the Night. 

Aa2 "Bat 


— 
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But the Word Day is frequently taken in a 
larger Senſe, ſo as to include alſo the Night 
and to denote the Time of an whole apparent 
Revolution of the Sun round the Earth. Ia 
this Senſe ir is called by ſome a natural Day, | 
and by others an artificial one; but what ſome 
call the Artificial, others call the Natural. To 
avoid which Confuſion, it is uſual to call it in 
the former Senſe, ſimply the Day, and in the 
latter a Nuchthemeron; by which Term that 
Acceptation of it is aptly denoted, as being a 
Word that implies both Day and Night (a). 
The Nuchthemeron is divided-into 24 Parts, 
called Hours, which are of two Sorts, Equal, 
and Unequal or 7, —_— The common 
Diviſion of the equal Hour is into Halves and 
Quarters: But Aſtronomers, and thoſe who 
are more accurate in their Account of Time, 
divide the Hour into ſixty Parts, called Mi- 
nutes, and theſe again into ſixty Parts called 


Seconds, Sc. And here we may obſerve, that 


the Word Minute is taken in a double Senſe, 
either to denote the ſixtieth Part of an Hour, 
and is therefore by Way of Diſtinction ſome- 
times called an Horary Minute; or elſe to ſig- 
nify the ſixtieth Part of a Degree, in which 
Caſe it may be called a graduary Minute, or 
Minute of a Degree. $ & 
Different Nations and People begin their 
Day at a different Hour. Thus the Agyprians 


(=) A Greek Compound of pu; Night, and njyipe Day. 
= began 
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began their Day at Midnight; from whom 
Hipparchus introduced that Way of reckoning 
into Aſtronomy, and Copernicus and others 
have followed him. But the greateſt Part of 
Aftronomers reckon the Day to begin at Noon, 
and ſo count 24 Hours till the Noon of the 
next Day, and not twice twelye, according to 
the vulgar Computation. 

The Method alſo of beginning the Day at 
Midnight prevails in Great-Britain, France, 
Spain, and moſt Parts of Europe. | 

The Babylonians began their Day at Sun- 
riſing, reckon. ng the Hour immediately before 
its Riſing again, the 24th Hour of the Day. 
From whence the Hours reckoned in this Man- 
ner are called the Babylon. 

In ſeveral Parts of Germany, they begin 
their Day at Sun- ſetting, and reckon on till it 
ſets the next Day, calling that the 24th Hour. 
Theſe are uſually called the Italian Hours. 

The Jews alſo began their Nuchthemeron 
at Sun-ſetting, but then they divide it into 
twice twelve Hours as we do, reckoning 12 
for the Day, be it long or ſhort, and 12 for the 
Night (a). So that their Hours continually 


(a) According to this Way of reckoning, the Hours of the 
Day mentioned in Scripture are to be underſtood. The Fews 
alſo divided the Night into four Quarters, called Watches, each 
Watch containing three of their Night Hours. And diſtinguiſhed 
them ſometimes according to the Order of their Succeſſion. Thus 
we find in Scripture Mention of the ſecond, third and fourth 


Watch, ſometimes the firſt Watch was called the beginning of the : 


Fatches ; the ſecond, the middle Watch, as not being ended till 
Midnight; and the fourth, the Morning Watch. The firſt alſo 
was ſometimes termed the Evening ; the ſecond Midnight; the 
hird, the Cack-crowing ; and the fourth, the Dazwning of the Day. 


varying 
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varying with the Length of the Day and 
Night, the Hours of the Day were longer 
than thoſe of the Night one half of the Year, 
and the contrary the other. From whence 
their Hours are called Temporary : Theſe at 
the Time of the Equinoxes become equal, be- 
cauſe the Days and Nights are fo then. The 
Romans alſo reckoned their Hours after this 
Manner, as do the Turks at this Day (a). 


A Week conſiſts of the ſeven Days in moſt 


Countries, called after the Names of the Pla- 
nets as above. But becauſe Eaſter Week 


( 7 This kind of Hours are alſo called Planetary, becauſe 
the ſeven Planets were anciently looked upon as preſiding over 
the Affairs of the World, and to take it by turns each of theſe 
Hours, according to the following Order, Saturn firſt, then 
Jupiter, Mars, the Sun, Venus, Mercury, and laſt of all the 
Moon. Hence they denominated each Day of the Week from 
that Planet whoſe Turn it was to reign or preſide the firft Hour 
of the Nuchthemeron. Thus aſſigning the firſt Hour of Saturday 
to Saturn, the ſecond will fall to Jupiter, the third to Mars, 
and ſo the twenty-ſecond of the ſame Nuchthemeron will fall to Sa- 
turn again, and therefore the twenty-third to Fnpiter, and the 
laſt to Mars. So that on the firſt Hour of the next Day, it will 
fall to the Sun to preſide. And by the like Manner of reckon- 
ing the firſt Hour of the next will fall to the Moon, of the next 
to Mars, of the next to Mercury, of the next to Jupiter, of the 
next to Venus, Hence the Days of the Week came to be diſ- 
tinguiſhed by the Latin Names of Dizs Saturni, Solis, Lune, 
Martis, Mercurii, Jovis, and Veneris; and among us by the 
Names of Saturday, Sunday, Monday, Tueſday, Wedneſday, 
Thurſday and Friday. For, as Saturday, Sunday and Monday 

lainly denote the ay Sa Saturn, the Sun and the Moon; ſo 
Furſday, Wedneſday, r/day and Friday, denote the Day of 
Tuiſco, Woden, Thor and Friga, which are the Saxon Names 
reſpectively anſwering to Mars, Mercury, Fupiter and Venus. 
Vell's Chronol. Chap. II. 


was 
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was formerly eſteemed the firſt or principal 
Week of the Year, and each Day thereof 
was a Feria or Holyday ; hence the ſeveral 
Days were diſtinguiſhed among the primitive 
Chriſtians, by the Names of Feria prima, ſe- 
cunda, &c. that is, the firſt, ſecond Holyday, 
Ge. But the Sunday, or Feria prima, was 
otherwiſe ſtiled by them the Lord's Day, as 
being the Day of our Lord's Reſurrection (a). 


Months are diſtinguiſhed principally into 
two Sorts ; Vis. Solar and Lunar. The Solar 
Month is either Aſftronomical or Civil (b). The 
Lunar Month is divided into Periodical, Syno- 
dical and Civil. The Aſtronomical Solar 
Month is the Time the Sun takes up in paſſing 
through one of the Signs of the Ecliptic. 

The Periodical and Synodical lunar Months 
have already been obſerved ; the former to be 
equal to the Revolution of the Moon about 
the Earth, vig. 27 Days 7 Hours and 43 Mi- 
nutes; the latter, the Interval of 'Time that 
lapſes between two ſucceeding Conjunctions of 
the Moon with the Sun, vi. 29 Days, 12 
Hours, 44 Minutes and 3 Seconds. 


(ay The Hebrew Word which in the old Teſtament is ren- 
dered Week, ſignifying a Collection of ſeven, is there ſometimes 
uſed for ſeven Years ; and in Conformity thereto, our Englife 
Word Week in thoſe Places muſt be underſtood to imply not a 
With of Days, but a Week, or Syſtem of ſeven Years. 

(+) A Month or Year is denominated Civil. from its being 
of common Uſe in any Republic or Society of People. 


Now 
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Now becauſe in common Uſe it would be 


inconvenient to have the Months to conſiſt of 
odd Pieces of Days; it was uſual among the 


Jews, Greeks and Romans, (till Julius Ceſar _ 


made an Alteration) in order to adapt their 
Months to the apparent Motion ' of the Sun, 
to haye their Months confiſt of 29 and 3o Days 
alternately, one of theſe Numbers being about 
half a Day above, and the other about half a 
Day lets than the Synodical Month; fo that 
by this Means the ſame Appearances of the 
Moon would happen nearly on the fame Day 
of the Month for a long Time together. This 
Month thus adapted to the laft mentioned 
lunar Month, is called the Civil lunar Month; 
and is ſtill made uſe of by the Turks. 

The Egyptian Months conſiſted of 30 Days 
each, 12 of theſe make a Year wanting 
Days, which they added to the End of the 
Year, and from thence called them Epagomenæ, 
or Supplimental. 

Now becauſe 12 civil lunar Months want 11 
Days of a Year, it is evident that the ſeveral 


Seaſons of the Year muſt in Time fall upon 


different Months; to prevent which, Julius 
Cæſar ordained, that the Month ſhould not 
be taken from the Motion of the Moon, but 
from that of the Sun; that they ſhould conſiſt 
alternately of zo and 31 Days, and that Fe- 
bruary ſhould contain 29, and every fourth 


Year 30. But it happened afterwards that the 


Name of the fixth Month, which was formerly 


Sextilis, 
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$-xtilis, was in Honour of the Emperor Au- 
tus changed for that of his, as that of the 
torcgoing Month Quintilis had before been, in 
Honour of his Father Julius; and therefore 
ſince this Month conſiſted but of thirty Days 
according to the Inſtitution of Julius Cæſar, 
one more was added to it; to make it equal to 
the foregoing one, that the Honour paid to the 
Son might not ſeem to fall ſhort of that which 
was paid to the Father. Upon this, the next 
Month, viz. September, was reckoned but 3o, 
the next 31, and ſo on; that the alternate Or- 
der abovementioned might not be deſtroyed, 
till January, which, according to that Order, 
ought to have had but 30. But this Month 
being ſo named in Honour of Janus, the 
God of Time, it was though improper to rob 
the God of a Day, wherefore February was 
reduced to 28, and every fourth Year to 29. 
And ſo the Months came to ſtand as they are 
in our Calendar, from whence they are called 
Calendar Months. Theſe are properly civil 
Solar Months. | 


The principal Diviſion of the Year is alſo 
into two kinds, vi. Solar and Lunar; each 
of which are again divided into Aſtronomical 

and Civil. 

The Aftronomical Solar Year is of two kinds, 
VIS. wo, and Sydereal. The former is the 
Space of Time which lapſes while the Sun ap- 
pears to moye from either of the Soltitial or 

B b Equi- 
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Equinoctial Points to the ſame again. Now 
by Reaſon of the continual Preceſſion of the 
ſaid Points, whereby they do as it were meet 
the Sun, this kind of Year is ſomething leſs 
than the Sydereal one; which is the Time in 
which the Earth performs an entire Revolution 
in its Orbit, or in which the Sun ſeems to paſs 
from any fixed Star to the ſame again. The 
former conſiſts of 365 Days, 5 Hours, 48 Mi- 
nutes, and 57 Seconds; the latter of 365 Days, 
6 Hours, 9 Minutes, and 14 Seconds, and is 
alſo called Periodical, or Anomaliſtical. The 
Aſtronomical Lunar Year conſiſts of 12 Syno- 
dical Months; and is therefore 354 Days, $ 
Hours, 48 Minutes, and 36 Seconds. 

The Civil Lunar Year is alſo of two kinds, 
Dig. moveable and fixed; the moveable civil 
Lunar Year conſiſts of 12 civil Lunar Months, 
which being but 354 Days, falls ſhort of a Year 
by 11 Days, ſo that the beginning of this Year 
varies with reſpect to the Scaſons, till it runs 
through them all, which it does in about 32 
Years Time; and from hence it is denomina- 
ted Moveable, or the wandring Lunar Tear ; 
As the Turks now make Uſe of the civil Lunar 
Month, ſo they alto do of this civil Lunar 
Year. | | 
In order to render this kind of Year fed, 
that is, to prevent the Seaſons from ſhifting 
from one Part of it to another, the Greeks, 
and the Romans, till Julius Cæſar's Time, at- 
ter eycry three Years added a Month of _ 

| three 
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three Days, which they called Enbolimæus, or 
the Intercalary Month. 

But becauſe this Method is not ſufficient, 
(for the civil Lunar Years fall ſhort of the 
Aſtronomical Solar Years above 11 Days,) 
others adapt ſuch Intercalatians to them as do in 
a manner render the beginning of them fixed 
to the ſame Part of the Solar Year. Hence 
theſe Years properly intercalated are called fixed 
Lunar Years, as alſo from their Dependency 
on the Motion both of the Sun and Moon, 
Luni-Solar Years. Years of this kind are uſed 
by the 7e, and the Clergy of the Church 
of Rome in their Eccleſiaſtical Affairs. 

The civil Aftronomical Year is alſo either 
moveable or fixed. The moveable one was in 
Uſe among the Zg yprians, and is from thence 
called, the Egyptian Year. It conſiſted of 365 
Days, and therefore fell ſhort of the tropical 
Year, with which all the Seaſons return, near 
ſix Hours; ſo that four ſuch Years are leſs than 
four Aſtronomical Solar ones, by almoſt a whole 
Day, and therefore in 1460 Years, the begin- 
ning of the Year would paſs through all the 
Seaſons. 

Although the Romans did not uſe this kind 
of Year, yet theirs, taking one Year with ano- 
ther, was of the ſame Length (a); Julius Cæ- 


(a) For having as obſerved above, ſix Months of 29 Days 
each, and fix of 30, and an Jntercalary Month of 33 Days, at 
the End of every third Year; their Years conſiſted one with 
another of 365 Days. 


B b 2 pe ſay. 
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Jar therefore to fix this Year, when he rectified 
the Calendar, and threw out the civil Lunar 

Months, to make up the fix Hours which this 

Year wants of the true Aſtronomical Solar Year, 

and with which only the Seaſons keep pace, 
ordered that every fourth Year ſhould have an 
intercalary Day, 7z. e. that a Day ſhould be ad- 
ded to the Calendar, over and above thoſe it 
contain'd the other three, or that every fourth 

Year ſhould contain 366 Days. Hence it was 
that as we obſerved above, February came to 
have 29 Days every fourth Year. But he did 
not add it to the End of the Month, but or- 
dered that the ſixth of the Calends of March, 
which according to our way of Reckoning is 
the 24th of February, ſhould be reckoned 
twice. Upon which Account that Year was 
wont to be called Biſextilis, and is ſtill re- 
tain'd by us under the Name of Leap Year. 
From hence, Years reckoned after this Manner 
are called Julian Years, 

But however the Year was not rendered fixed 
by this means, for it was now too long by 
about eleven Minutes, and therefore varied 
from the Sun about a Day in 131 Years. So 
that from the Time of the Nicene Council, 
(in which the Rule was eſtabliſhed for the Time 
of celebrating Eaſter) to the Year 1582, in 
which Pope Gregory the XIIIth undertook a 
farther Reformation of the Calendar, there 
was found to have roſe a Variation of 10 Days, 
the yernal Equinox being obſerved to fall = 

FE | the 
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the 11th of March, which at the Time of the 
Nicene Council, fell on the 21ſt. The Pope 
therefore in order to bring back the Equinoxes 
to the Time of the Year they fell upon at the 
Time of that Council, took thoſe ten Days 
out of the Kalendar by ordering the 5th of 
October 15 82, to be reckoned the 15th, which 
neceſſarily removed the following Equinox from 
the 11th to the 21ſt of March. And to pre- 
vent the Scaſons of the Year from going back- 
wards for the future, he ordered that ever 
hundredth Year, which according to the Form 
inſtituted by Julius Ceſar, was to be a Bis- 
ſextile or Leap Year, ſhould be a common one, 
and conſiſt only of 365 Days, but that ſince 
too much would be taken away by this Means, 
every fourth hundred Year ſhould remain Biſ- 
ſextile. | 

This Method being eſtabliſhed by Pope 
Gregory, is called the Gregorian Account, or 
the New Stile, as being new in compariſon of 
that eſtabliſhed before by Julius Cæſar, which 
is now called the Old; and is obſerved in all 
Places where the Papal Authority is acknow- 
ledged; as alſo, towards the End of the laſt 
Century was received by many of the reform- 
ed People in Germany. In Great- Britain 
and Ireland, and in ſome reformed Nations of 
the Northern Parts of Europe, the old Julian 
Form is ſtill retained. But above an hundred 
Years being now lapſed ſince the abovemen- 
tioned Reformation of the Calendar, and the 


hundredth 
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hundredth Vear not being made a common one 
as in the Gregorian Method; the Gregorian 
Account differs now from the Fulian one Day 
more than it did at its firſt Inſtitution; ſo that 
that Day which according to the Old Stile is 
the firſt of the Month, is the 12th of the ſame 
according to the New. | 
As the Form of the Year in different Nations 
is various, ſo alſo is the Beginning of it. Thus 
the Jets begin their Eccleſiaſtical Year with 
the new Moon of that Month whoſe full 
Moon happens next after the vernal Equinox, 
The Church of Rome, with the Sunday that 
falls upon the ſaid full Moon, or that happens 
next after it; that is, with the Feaſt of the 
Reſurrection of our Lord. The Grecians be- 
gan theirs with the new Moon that happened 
next after the Summer Solſtice, And the Ro- 
mans anciently began theirs with the new 
Moon next after the Winter Solſtice. The 
Venetians, Florentines, Piſans in Italy, and 
the Inhabitants of Triers or Treves in Germany, 
make the vernal Equinox the Beginning of 
their Year. The ancient Clergy made the 25th 
of March, or the Feaſt of the Bleſſed Virgin, 
the Beginning of the Year; which Method 
the Church of England ſtill retains; and ac- 
cording to our Law the Year begins here too, 
though in Things that do not require a /ega/ 
Date, we, with the neighbouring Nations, 
look upon the firſt Day of January to be the 
Beginning of the Year. | 
| The 
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The Perſians ſtill retain the Egyptian Year, 
and the Period in which the firſt Day of it 
paſſes through all the Seaſons of the Aſtrono- 
mical Solar Year, vig. 1460 Years, they call 
the Sothiacal Period, or great Dog-Star Tear; 
as being reckoned to begin in that Year in 
which the * (or Sot his) riſes Heliacally 
on the firſt Day of the Month Thoth, which 
is the firſt Day of their Year. | 


A Cycle is a continual and ſucceſſive Revo- 
lution of a certain Number of Years. The 
| Cycles are four, v72. the Cycle of the Sun, the 
Cycle of the Moon, the Cycle of Dionyſius, the 
Cycle of the Indiction. 

In order to apprehend the Foundation and 
Nature of the Cycle of the Sun, it muſt be 
obſerved that to each Day of the Year is aſſign- 
ed in the Calendar, ſome one of the firſt ſe- 
yen Letters of the Alphabet A, B, C, D, E, 
F, G, the firſt Letter A being affixed to the 


firſt Day of January, to the ſecond B, and ſo 


to G. After which the Letters are repeated 
again in the ſame Order, A falling to the Sth, 
B to the gth, Sc. By which means, becauſe 
the common Year contains 52 Weeks and one 
Day over, the laſt Day of December has alſo 
the Letter A affixed to it. The Letters being 
appropriated in this manner to each Day of the 
Year, it follows, that which ever of the Letters 
belongs to any particular Day in the firſt Weck 
of 7anuary, that Letter will belong to the 


{ame 
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ſame all the Year long. But ſince the fame 
Letter, viz. A, is affixed to the laſt, which 
is affixed to the firſt Day of the Year, it 
is obyious, that at the End of one Year 
and beginning of the next, two ſucceed. 
ing Days will have the ſame Letter A, 
fo that if Monday had an A the laſt Year, 
Tueſday has it this, and Monday the G: And 
therefore the Letters will move backwards 
with reſpect to the Days of the Week; for 
Inftance, that Day which has G one Year, will 
have F the next, after that E, then D, and ſo 
on to A; and conſequently the ſame Day will 
run through the ſeven Letters in ſeven Vears 
Time. But before the ſeven Vears are expired, 
a Leap Vear will intervene, having one Day 
more than common, which Day is added at the 
24th of February (a), and has the ſame Letter 
that the 24th has, ſo that in this Caſe, as there 
was a Change or Regreſſion of the Letters, 
with reſpect to the Days of the Week, upon 
the Account of two Letters coming together at 
the End of one Year, and the beginning of the 
next, there will be another like Change in 
February alſo; and therefore, as in the former 
Caſe, the ſame Letter would have run through 
all the Days of the Week in ſeven Years; 
this ſecond Change happening once in four 


(a) Some ſay it is added after the 28th, and that it has the 
ſame Letter with that. From this Uncertainty there ariſes a 
Difficulty in fixing the Day of the Celebration of the Feſtival of 
St. Matthias, which has occaſioned a great Diſpute among the 
Learned. 


Years, 
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Years, the Courſe of the Letters is fo oft in- 
terrupted, that it does not become the ſame 
in, till after four times 7, or 28 Years. 

Thus, ſuppoſe a Leap Year begins with a 
Sunday, it will end with a Monday; in 
which Caſe, A and G will be the Domimical 
or Sunday Letters, becauſe A is appropriated 
to the firſt of January, and & to the 3oth of 
December: But ſuch another Year cannot re- 
turn till after 28 Years, as any one that tries 
will readily find; the Conſequence of which 
is, that thoſe two Letters cannot be Sunday 
Letters again in one Year, till after that ſpace 
of Time. And becauſe the ſame Sunday Let- 
ters do return after eyety 28 Years, that Term 
is called the Cycle of the Sunday Letter, or other- 
wiſe, though not ſo properly, the Cycle of th 
Sun (a). hb 1 


The Cycle of the Moon is a Revolution o 
19 Years; after which Time, as was anciently 
ſuppoſed, the new and full Moons would fall 
upon the ſame Days of the Year again (6). 

This Cycle is therefore of great Note in the 


(a) The ninth Year before our Saviour's Birth, was the firſt 
of this Cycle; from whence may eaſily be known what Year 
of it the preſent is. The firſt of this Cycle is always Leap Year, 
and has for its Dominical Letters G and F. And the Letter A 
is as already obſerved, always affixed to the firſt Day of F anuar;. 
From which Data may at any Time be computed what is the 
Sunday Letter for the preſent Year, and from thence what Day 
of the Week each Day of the Year falls on. 

(5) This is alſo called the Metonic Cycle from Meton, the 
Author of it. | 


7 


Ce Chriſtian 
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Chriſtian Church, a Method founded upon this 
Suppoſition, being eſtabliſhed by the Fathers 
of the Nicene Council, for finding the Time of 
celebrating Eaſter, and the other moveable 
Feaſts of the Church for any Time to come; 
In order to underſtand which, we muſt ob- 
ſerye, that as the Chriſtian Paſſover, or Feſti- 
val of Eaſter, ſueceeded the Jewiſh one, the 


Time of its Celebration was regulated by that 


upon which the Jeuiſh Paſſover was at its In- 
ſtitution, by God himſelf appointed to be kept, 
which was on the fourteenth Day of the firſt 
Month, according to the manner of reckoning 
among the 'Fows,, Exod. 12. Now the Jewiſh 


Months deing Lunar ones, each Month began 


upon the Day of the new Moon, or however 
at the Time of its Heliacal riſing, and fo the 
fall Moon fell upon the fourteenth of each 
Month. And further, that Month was called 
the firſt of the Year; whoſe full Moon or four- 
teenth Day, either fell upon the vernal Equi- 
nox, or was the firſt that ſucceeded it. And 
at the Time of the Nicene Council, when 
the Rule for finding Eaſter was drawn up, the 
Equinox fell, or was thought to fall, on the 
21ſt of March. But. becauſe. our Saviour's 
Reſurrection, which the Feſtival of Eaſter is 
deſign'd to commemorate, happened on a Sun- 
day; it was ordered that it ſhould not be kept 
on the full Moon, but the Sunday following. 


| Accordingly the Rule then eſtabliſhed for: find- 


ing Eaſter, and which is ſtill made uſe of ow 
the 
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the Church, runs thus; Eaſter-Day is always 
the firſt Sunday after the firſt full Moon, which 
_— next after the One and twentieth Day 
of March. And if the full Moon happens up- 
on a Sunday, Eaſter-Day 7s the Sunday after. 
The Foundation of the Rule being thus ex- 
plained, it remains now to ſhew the Meaning 
of it, which is not ſo obvious as at firſt Sight 
it appears to be. 

It is to be obſerved then, that in order to find 
on what Days of the Year the new and full 
Moons would happen for the Time to come, 
the ancient Method was to obſerve on what 
Day of each Month, the new Moons fell in 
each Year of the Moon's Cycle, and to the 
ſaid Days reſpectively to ſet the Number of the 
Vear in their Calendar. Thus, obſerving that 
the new Moons in the firſt Year of the Cycle 
fall on January the 23d, February 21, March 
23, Sc. to thoſe Days they affixed the Num- 
ber 1. And in like manner obſerving, that, in 
the ſecond Year, they fell on January 12, 
February 10, March 12, Sc. to each of them 
they put the Number 2; and ſo for each 
Year of the Cycle. And on Account of their 
great Uſefulneſs, or becauſe they were wrote 
in Letters of Gold, the Number thus ſet to 
the Days on which the new Moons fell, were 
called the Golden Numbers (a). 


(a) In the Table for finding Faft-r for ever in ſome Common 
Prayer- Books, they are ſtiled Prime Numbers, probably as being 
Placed in the Prime or firſt Column of the Calendar. 


Ge 2: 'The 
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The Numbers being thus affixed in the Ca- 
lendar, it is only looking for the Golden Num- 
ber of any Year; and over-againſt jt you have 
the Day in each Month of that Year, in which 
the new Moon happens. 

Thus, at the Time of the Nicene Council 
the Time of the new Moon's might be accu- 
rately enough found, but not at this Time, be- 
cauſe the new Moons do not happen at the 
ſame Time of the Year every 19 Years, but 
fall ſhort an Hour and half, which in 304 Years 
comes to a Day, ſo that now the new and full 
Moons fall almoſt 5 Days ſooner than they are 
ſhewn to do by the Golden Numbers, affixed 
to the Calendar. | 

However, as no proper Authority has inter- 
ven'd to alter the Method of finding the Eaſter 
full Moon by the Golden Numbers, eſtabliſh'd 
at the Nicene Council, that Method is ſtill re- 
tained in the Church. And therefore to under- 
ſtand the abovementioned Rule aright, it muſt 
be ſuppoſed, that by the full-Moon is meant 
the Time of the full Moon as found by the 
Golden Numbers affixed to the Calendar in the 
Common Prayer Book, and not by an Alma- 
nac, or by Aſtronomical Obſervation (a). 


(4) The firft Year of Chriſt was in the 2d of this Cycle. 
y the abovementioned Method the true new Moon may at 
any Time be found, if we deduct five Days in Conſideration of 


the abovementioned Deficiency in the Moon's Cycle, and ſup- 
Poſe the new Moon to fall five Days ſooner than that Method 


fews it to do. 


B 
' . 
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By multiplying the Cycle of the Sun and 
Moon together, we have a third Period, con- 
taining the Properties ,of both the other two, 
ſo that at the End of this Cycle not only the 
Days of the Week have the ſame Letters be- 
longing to them, and ſo fall on the ſame Days 
of the Month, but the new and full Moons 
alſo fall on the ſame Days of the Year, ſo that 
the Time of celebrating Eaſter and the other 
Feſtivals of the Church, return to the very 
ſame Days of the Year. From whence this is 
called the great Paſchal Cycle, and ſometimes 
from its Author, the Dionyſian Cycle (a). It 
conſiſts of 532 Years, and the firſt Year of it 
was 457 Years heſore Chriſt. 


The Cycle of the Iudiction is a Revolution 
of 15 Years made uſe of by both the Greeks 
and Romans, probably upon ſome political 
Account. It has no Relation to the Motions 
of the Heavenly Bodies. The Nativity of 
our Saviour fell upon the 4th of this Cycle. 


By multiplying the three Cycles of the Sun, 
Moon, and IndiQtion together, ariſes a Term 
of 7980 Years, called the Julian Period; 
which as it began ſeveral hundreds of Years 
before the Creation, and 1s not now ended, and 
in all probability will not, ſo long as the World 
ſands, is of ſingular Uſe in Chronology, as 
(a] This is alſo by ſome called the Y:&orian Period. : 


— 3 * 8 * i — a 
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taking in all Events, both paſt, preſent and to 
come. Neri he ary 
This Period was invented by Joſeph oͤcaliger, 
and began 4713 Years before Chriſt. 


An Ara, otherwiſe called an Epoch, is a 
Continuation of Time beginning from ſome 
certain Point, as from a Root, and continually 
proceeding forwards without beginning again. 

That which is of principal Note among 
Chriſtians, is the Ara of Chriſt. 

The Author of this Ara was Dionyſius Ex- 
guns, who flouriſhed about 500 Years after 
Chriſt. He began it on the Annunciation of 
the Virgin Mary, or the 25th of March : the 
25th of March, as he ſuppoſed, immediately 
preceeding the Nativity of our Lord: but it 
is now generally thought that our Saviour was 
born the December before that, wherefore 
others, beginning the Ara from the Nativity 
it felf, or the 1ſt of January following it, 


reckon almoſt a quarter of a Year before thoſe 


who adhere to the Dionyſian Account. 

The Engliſh and Iriſh ſtill adhere to the 
Dionyſian Account in their eccleſiaſtical and 
civil Affairs, which all the reſt of the World, 
and even they themſelves in common Account, 
have laid aſide for that which begins at Janu- 
ary the firſt. This Ara is frequently reckoned 
backwards, as well as forwards: Thus, it 1s 
uſual to ſay an Event happened ſo many Years 
before Chriſt. oft 

The 
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The firſt Year of this Ara, agreeably to 
what was obſerved above, anſwers to the 
4714th of the Julian Period. | 
There are ſeveral Epoche or Era's of leſs 
Note, which I ſhall but juſt mention; this 
Chapter having already run out to a much 
greater Length, than I at firſt intended. 
The Ara of the Creation according to the 
Greek Church, and which is now of Uſe in 
ſome Eaſtern Nations, begins before the Juliau 
Period, viz. 5508 Years before Chrift. Tho? 
others, among whom are the greateſt Aſtrono- 
mers, begin it ſomething lefs than 4000 Years 
before our Saviour's Birth. 

The Ara of the Deſtruftion of Troy, ac- 
cording to Dionyſaus Halicarnaſſens and Din- 
dorus Siculas, begins 1181 Years before Chriſt. 
The Ara of the Olympiads, or Olympic 
Games of Uſe among the'Greeks, '776 before 


The Era Urbis condite, or of the Building 


of Rome, made Uſe of by the Romans, ac- 
cording to Varro, began 753 Years before 
Chriſt; according to the Faſt: Capitolini, 7 52. 

The Ara of Nabonaſſar made Uſe of by 
the Chaldeaus and Egyptians, famous among 
Aſtronomers, as conſiſting of Egyptian Years, 


which are diſturbed by no Intercalation. It 


begins 747 Years before Chrift. 


The Era of the Death of Alexander the 
Great, 324. N 


The ra of the City of Antioch, 49. 
The 


| 
| 
| 
; 
| 
| 
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The Ara of the Julian Reformation of thy 
Calendar, 45. 

The Era Actiaca, 30. 

The Diocleſian Ara, 284 Years after Chriſt. 

The Ara of the Hegira, or Flight of Ma. 
homet, uſed by the Turks and Arabs, 622 
after Chriſt. 
The ra of Teſdegird or Ne an Ara, 
6 32 after Chriſt. 

N. B. A Year in the Ara's of the Death 
of Alexander, and of Nabonaſſar, conſiſts but 
of 365 Days; and a Year of that of the He. 


gira is only 354. 


As the Subject of this Chapter, thou 
founded in Aſtronomy, relates principally to 
the Science of Chronology, of which this Com: 
gned to treat; I have little 
more than thrown a few Definitions together, 
leaving it to thoſe who would ſee more on the 
Subject, to conſult ſuch Authors as have wrote 
more largely thereon; as Gregory, Keil, Wells, 
Whitby on the n and many 


others. 
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CHAP. XVIIL 


Of the Forces neceſſary to retain Bo- 


dies revolving in circular and other 
Orbits, 


And firſt of circular Orbits. 
* Order that a Body may move round in 
the Circumference of a Circle, it is requi- 
lite, that as ſoon as the Body begins to move, 
ſome Power or Force continually act upon it, 
in ſuch manner as to make it bend its Courſe 
every Moment towards the Center of the Circle; 
becauſe, as is obvious to conceive, it would 
otherwiſe only move right forwards (a); for in 
Conſiderations of this kind, we do not ſuppoſe 
the revolving Body to be affected even by its 
own Weight, or any other moving Cauſe what- 
ever, except that whereby its Motion 1s made 
circular: And becauſe the Circumference of a 
Circle is every where equally diſtant from the 
Center thereof, it is obvious there muſt be the 
moſt exact Adjuſtment imaginable between the 
Power that retains the Body in the Circle, 
whatever that Power be, and the Endeavour 
the Body has to move right on in a ftraight 
Line: For in Caſe the former be an over-balance 
for the latter, it will bring the Body nearer 
a) See Part I. Chap. IV. | 

; D d 5 and 
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and nearer to the Center of the Circle it ſhould 
deſcribe; and on the other hand, if it be too 
weak, it permits it to move farther and farther 
off. 80 that the Body, inſtead of a Circle, 
will deſeribe ſome other Figure, which will be 
of this or that Form, according as the Force 
the Body moves with, compared with the Power 
which bends its Courſe, is greater or leſs; and 
not only ſo, but as this latter Force (which i is 
ſometimes the Caſe) acts more or leſs power- 


fully, as the revolving Body comes nearer or 


goes farther from the Point it revolves about. 

And here we may have recourſe to a Fact ob- 
vious to every one, which will in ſome Meaſure 
illuſtrate what we have been ſpeaking of. Let 
a Ball be hung up by a String: This Ball, 
when, drawn a little to one Side, will endea- 
vour to return back to the loweſt Point, as. if 
there were ſome Power ſeated in that Point to 
draw. it thither from all Sides. But the Body 


may have a Caſt given it ſideways in ſuch 


Manner, as that by Virtue of the Caſt, and by 
Virtue of its Tendency to the loweſt Point 
together, it ſhall deſcribe. a Circle parallel to 
the Horizon; or inſtead of that it may be made 
to. deſcribe. other Figures, as Ellipſes ſuppoſe, 
which will be of various Forms. according to 
the Force and Direction of the Caſt given to 
the Ball. And if we. ſuppoſe ſeveral Balls 
hung up, which when removed to equal Dit- 
tances from 'their loweſt Points, ſhould tend 
thither again with unequal Forces, _ 
da. 0 orces 
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Forces urging them by different Laws and in 
different Manners, the Figures deſcribed by 
them, when thrown Sideways with this or that 
Force and Direction, will be proportionably 
different one from another. Now in this Sup- 
poſition, the Caſt which is given to the Ball 
Sideways, correſporids with the Endeavour a 
Body revolving in the Circumference of a Circle 
or other Figure, has to move right on continu- 
ally, and ſo to leave the Center it ought to 
revolve about; and the Endeayour, Struggle 
or Tendency the Ball when drawn to one Side, 
has to move towards the loweſt Point, or ra- 
ther the Power which'is, as it were, ſeated in 
that loweſt Point, and occaſions the abovemen- 
tioned Endeavour or Tendency in the Ball to 
move thither, correſponds with the Power we 
ſuppoſed above neceſſary to retain a Body in 
the Circumference of the Circle or other Figure 
it deſcribes, and which by bending the Courſe 
of the Body inwards, that -is, - towards the 
Center of the Figure, prevents it from going 
off in a ſtraight Line. 
We are therefore in the next Place, to en- 
quire what Forces or retaining Powers are ne- 
ceſſary to bend the Courſe of Bodies in ſuch 
Manner that they ſhall deſcribe this- or that 
Orbit (a); and ſince the Planets both primary 

15 Dd 2 | and 


(a) For unleſs we can meaſure the Forces we affign, and 
ſay they are exactly equal to the Effects we ſuppoſe them to pro- 
duce, it would be in vain to aſſign them at all. And this is 
what makes the Difference between true and falſe as,” > 

OT The 
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and ſecondary, as alſo the Comets, deſcribe 
Orbits either circular or elliptical, as obſeryed 
above, we will confine ourſelves chiefly to the 
Conſideration of the Forces neceſſary to retain 
revolving Bodies in ſuch Orbits. This Subje& 
has been already touched upon in the firſt Part 
of this Compendium (a), under the Title of 
Centripetal and Centrifugal Forces; but little 
more 1s taken Notice of there, than what was 
requiſite to ſhew the Poſſibility of ſuch a Mo- 
tion as we are ſpeaking of, and to explain the 
Terms; which are theſe that follow, viz. Cen. 
tripetal Force, or that whereby the revolving 
Body is prevented from going on in a right 
Line: The Centrifugal Force, or that by 
which it endeavours to go on in ſuch a Line, 
Theſe, like Action and Reaction, are equal in 
all Caſes, and therefore called by one common 
Name, Central Forces: That whereby the 
Body continues its Motion, is the Projectile 
Force; and the Time in which it reyolyes once 


The former by a mathematical Scrutiny, (as it were by a kind 
of Menſuration) finds that the Cauſes aſſigned are juſily adapted 
to the Facts accounted for; while the other, by a conjeRural kind 
of Method, aſſigns Cauſes which perhaps are plauſible at firſt 
Sight, but when meaſured by the Rules of Geometry, are found 
either too ſmall or too great for the Effects they are ſuppoſed to 
oduce. ; | a 
2 This was the Caſe of Des Cartes Vortices, the Doctrine of 
which captivated the whole Philoſophical World, and continued 
to do ſo, till they were weighed in that unerring Balance, and 
thereby diſcovered to be inadequate to the Purpoſes for which 


were contrived. 
EY OR 9D -1 who with 


round, 
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round, is called the Periodical Time. The 
ſeyeral Caſes proper to be conſidered, ſhall be 
compriſed in the following Propoſitions. 


PROPOSITION I. 


When two or more Bodies revolve at equal 
Diſtances from the Center of the Circle they 
_ deſcribe, but with unequal Velocities, the cen- 
tral Forces neceſſary to retain them, will be to 
each other, as the Squares of their Velocities. 
That is, if one revolves twice as faſt as the 
other, it will require four times the retaining 
Force the other does; if with three times the 
Velocity, it will then require nine times the 
Force to retain it in its Orb. Oc. (a) 

N B. We do not here conſider the Magni- 
tude of the revolving Body, becauſe we ſup- 

ſe the Power at the Center, to act upon every 
Part of it alike, ſo that. the larger it is, the 
more forcibly in Proportion it is ated upon; 
and therefore it is the ſame thing, whether it 
be large or ſmall. | 


(a) Let BDF Fig. 25- repreſent a Circle whoſe Center is 8, 
draw ABC a Tangent to the ſame at the Point B, and let there 
be a Body moving from A towards C, and let it be ſuppoſed to 
be: deſtitute of Weight, ar whatever elſe might alter its Courſe. 
In this Caſe it would deſcribe the right Line ABC; but when it 
comes at B. let it begin to be ated upan by ſome central Force, 
or retaining Power ſeated in S, ſuch as ſhall bend its Courſe at B 
from a rectilineal to a circular one, and acting upon it afterwards 
in every Inſtant of Time in like manner, ſhall cauſe it to deſ- 
cribe the Circle BDFB. Let us then proceed to eſtimate the 
Quantity of Force exerted in producing one of theſe Bending: ; 
in order to which let us conceive a Point of the Circle as D 8 


1— 
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be the very next to the Point B, though taken at ſome Diſtance 
in the Figure to avoid Confuſion of Lines. Parallel to the 
Diameter BF draw the Line CD, and Parallel to the Tangent 
BC the Line DG, draw alſo the Line BD, which will be the 
Diagonal of the Parallelogram CG. Now it is well known 
that ſuppoſing a Body would move from B to C, and by Virtue 
of ſome other Force acting upon it at the ſame Time, would 
move from B to G, it will neither move to C nor G, but toD; 
that is, its ſtraight Courſe will be Bent into a 'circular one at B, 
for that is what is meant by its moving from B to D when B and 
D are contiguous, as is here ſuppoſed. BG therefore is the Space 
over Which the revolving Boch would move by that Action of 
the central Force which cauſes the Bend at B, or any other 
Point of the Circle. And as BG is equal to the Space over 
which the revolving Body would move by Virtue of the central 
Force, it will always be proportional to the Force it ſelf, The 
Valde of that Line is therefore now to be determined. Join the 
Points D and F, then (by 31. El. 3.) the Triangle BDF will 
be rightangled at D, hd! 3 (by 8 El. 6.) BG : BD 
: : BD: BF, from whence BG = * but when B and D 
are contiguous (as is here ſuppoſed) the . _— the 
198.42 +) 4 ery 8 ay s1 #7 9914 Þ IEA 
Chard BD and the Arch BD vaniſhes, ſo that BG l 
Having thus found a Quantity proportionable to the Act of the 
central Force requiſite to retain a revolving, Body in a Circle, 
we may proceed to eftabliſh' the following fundamental Lemma. 
The Space that a Body retained in a Circle, by Virtue of any 
central Force, would move over in a given Time, by Virtue of 
that Force only, is equal to the Square of the Arch deſcribed 
in that Time, divided by the Diameter of the Circle. 
Den. The Action of a central Force upon a revolving Body is 
analogous: to that of Gravity upon falling Bodies, and therefore 
the Space a Body would move over by Virtue of that Force 
only, is as the Square of the Time that Action continues: as 
then the Square of the Time the Arch BD is deſcribed in (the 
i 1 


Points B and D being contiguous as before) is to 1 which by 


what was ſhewn above, is a Quantity equal to the Space the 
Body would move over towards the Center in that Time, ſo is 
the Square of the Time given to the Space the Body would move 
over by Virtue of that Force in that Time. If we then put z to 

| expreſs 


6 
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expreſs the Time the Arch BD would be deſcribed in, T far the 
Time given, and S the Space the Body would move over towards 
the Center in that Time, we ſhall have this Proportion. 


Viz. | |, „ 5 
7 f 4 IR :: T4:S 
Let the Arch the Body would 
deſcribe in the Time T, be the 
Arch BN, then becauſe the Mo- 
tion of the Body in the Circumfe- j 
rence of the Circle is uniform I 7 5 Þ 
EE 2 lf. T:: BD : BN 
- Squaring the laſt Proportion, | | 
we have +l 00.204: ST: £3: : WOT: BNs 
Altering the Poſition of the ot Ek 
Means in the firſt Proportion, we[4 el: Tat: BF 128 
Comparing the third and fourth y BD: BNq:: 1 8 
Step together. | 4 
Foray the 5th Step into an 6 x * BDq " BN 2 
Equation. . * BF 
Dividing the laſt by BD 78 = * Q. E. D. 


BF 


Coroll. From this Lemma it follows, that the central Force 
requiſite to retain a revolving Body in the Circumference of a 
Circle, muſt be ſuch as ſuppoſing the projectile Motion ſtopp'd, 
would cauſe the Body in the Time it would otherwiſe deſcribe 
any Portion of that Circumference, to move towards the Center 
of the Circle over a Space or Diſtance of ſuch Length, as would 
ariſe from the Diviſion of the Square of that Portion of the 
Circumference by the Diameter of the Circle. And conſe- 
quently, it will in all Caſes be proportionable to the Square of 
the Arch the Body would deſcribe in a given Time divided by 
the Diameter of the Circle: Becauſe the Force exerted in any 
Time is proportionable to the Space it cauſes a Body to move over 
in that Time. | TE. n 

To illuſtrate this, ſuppoſe the Diameter of the Circle 25 
Feet, and the Arch BN 10 Feet, and that the reyolving Body 
moves over thoſe 10 Feet in a Minute. Then the Square of 
BN, which is 100, divided by the Diameter, or 25, gives 4 
Feet: The central Force therefore at 8, neceſſary to make the 
Body revolve in the Circle BNF at the Rate of 19 Feet in a 
Minute, muſt be ſuch, as ſuppoſing the Body left to itſelf at 
B, (that is, without any Motion, at all towards C, or any Weight 

5 or 
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or Gravity of its own) would make it move over 4 Feet towards 
S in a Minute. Again, ſuppoſing Things as before, only that 
the Body revolves with but half its former Velocity, that is, that 
it deſcribes but 5 Feet of the Circumference of the Circle in a 
Minute; then the Square of that 5 Feet, which is 25, divided 
by 25, the Diameter gives 1 ; fo that the central Force in this 
Caſe muſt be ſuch, that by Virtue thereof a Body deſtitute both 
of Weight and projectile Force, ſhall move over a Space 1 Foot 
Jong in a Minute. And converſely, if there be a Circle, whoſe 
Diameter is 25 Feet, and there be a Power lodged in the Center 
thereof capable of cauſing a Body to move over the Space of 
4 Feet in a Minute; then in order that a Body may be made 
to revolve round in the Circumference of that Circle, it muſt 
be thrown forwards in a Direction at right Angles with the 
Radius of the Circle, with ſuch Velocity as would carry it over 
the Space of 10 Feet in that Time. And if the central Force 
be capable of cauſing it to move over but 1 Foot in a Minute, 
then it muſt be thrown forwards with a Velocity that ſhall make 
it move at the Rate of only * Feet: Or, ſince the Velocity 
is uniform, and therefore the Arch deſcribed is proportional to 
the Time it is deſcribed in, inſtead of an Arch as BN to calculate 
with, we may take the whole Circumference, and ſay, that 
the Space a Body would move over by Virtue of the Central Force 
alone, in the Time it deſcribes the whole Circumference, is equal 
to that which would ariſe from the Diviſion of the Square of 
that whole Circumſerence by the Diameter of the Circle. And 
this is that exact Adjuſtment between the central and projectile 
Force we have been ſo long in Search of. 

Suppoſe then we would calculate, how far a Stone would 
fall by its own Weight, in the Time in which, if thrown for- 
wards with a ſufficient Velocity, it would move quite round the 
Earth in a Circle. Let us call the Diameter of the Earth, 
that is, the Diameter of the Circle it deſcribes, 1, then the 
Circumference thereof would be 3 nearly, the Square of that 
3, is 9, that divided by the Diameter 1, gives 9; ſo that a 
Stone would fall by Virtue of its own Weight through a Space 
equal to about 9 Diameters of the Earth in the Time it would 
revolve once round it, But it is here to be obſerved, that the 
Stone muſt be fappoſed to be of the ſame Weight during its 
whole Fall, that it is of at firſt ; and ſo in all other Caſes, we 
ſuppoſe the Energy of the central Force to be the ſame at all 
Diſtances whatever, unleſs when the contrary is expreſſed. 

We. have hitherto been confidering the Energy of the central 


Force, by comparing the Space it would cauſe a Body to move 


over in any certain Time, with the Space the Body ought to 
bh deſcribs 
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deſcribe along the Circumference of the Circle in the ſame 
Time: Let us now take it in another View, and compare the 
Velocity a Body ought to move with to deſcribe a Circle, with 
the Velocity it would acquire in - map over ſome certain Space 
by Virtue of the central Force only; from whence will arile a 
Propoſition very uſeful in Matters of this kind; and which 
for Diſtinction Sake we will call 
LEMM A II. 
The Velocity a Body ought to revolve with in the 
Circumference of a Circle, is ſuch as it would acquire in 
moving by Virtue of the central Force only, over half the 
Radius of that Circle. To explain this, let the Body be ſup- 
poſed at Reit at B, and let it be acted upon by a central Force at 
S. Upon this the Body will proceed towards 8 with a Motion, 
which will increaſe every Moment (becauſe as in the Caſe of 
falling Bodies we 1 the central Force acting upon it with 
the ſame Intenſeneſs, whether the Body moves or not) and the 
Inſtant it gets half Way to the Center 8, it will have acquired 
ſome certain Degree of Velocity; that's the Velocity it ought 
to move with along the Circumference of the Circle to render 
its projectile Force an exact Counterbalance to the centripetal 
one of the Power at 8. Thus, ſuppoſe there were a Loadſtone 
fixed at S, and a Piece of Steel at B, diveſted of its own Weight, 
ſo that it might be at Liberty to move freely tawards the Load- 
ſtone, and to make the Inſtance parallel to the Caſe before us, 
let it be ſuppoſed that the Loadſtone attracts the Steel with the 
ſame Degree of Force at all Diſtances, then whatever Velocity 
that Steel would have when it had got half way to the Loadſtone, 
that's a Velocity with which if the Steel were thrown from B 
along the Tangent BC, it would move round in the Path BDFB 
not approaching towards or receeding from the Loadftone. But 
the Steel muſt be ſuppoſed to meet with no Reſiſtance from the 
Air, for if it does it will continually loſe ſomewhat of its Velo- 
city, and ſo after ſome Revolutions would fall upon the Body of 
the Loadſtone, Again, ſuppoſe it were required to find the Ve- 
locity a Ball ought to be thrown forwards with at a ſmall Diſtance . 
from the Surface of the Earth, that it ſhould move quite round 
in a Circle, keeping the ſame Diſtance from the Surface of it all 
the Way. It muſt be ſach, as that Ball would acquire by falling 
half way from the Place it is thrown from to the Center of the 
Earth (for that is ſuppoſed to be the Seat of the Power that . ap 
it its Weight, and thereby hinders it from moving forwards in 
the Direction it is thrown in.) And that Velocity is eafily 
calculated from what was demonſtrated, Part I. Chap. V. C4, 
or 5, ſuppoſing as Hugens has determined by very accurate Ex- 
periments, that a Body near the Surface of the Earth falls 15 2 
e Paris 


— — — 


* — — — _— „ — 
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Paris Feet in the firſt Second of Time. But enough of this by 
way of Explication, it is Time to demonſtrate what 1s here affirm. 
ed 


Dem. Let the Diameter of the Circle be 16 Feet, in which 
Caſe half the Radius will be 4 Feet, then by Coroll. of Lemma 1. 
the Arch the Body muſt run over in the Time it would paſs 


through thoſe 4 Feet by Virtue of the central Force, muſt be 


ſach that the Square of it divided by the Diameter may be , , 
that is, it muſt be 8 Feet, (becauſe the Square of 8, which is 
64 divided by 16 the Diameter, gives 4.) but if it deſcribes an 
Arch of 8 Feet, in the Time it would fall through 4 Feet, it 
then moves with that very Velocity it might acquire by the Fall ; 
becauſe as has been demonſtrated Part I. Chap. 5, $ 7. if a Bod 

moves uniformly with the Velocity it might acquire by a Fall, 
it will move over a Space equal to #wice the Height of the Fall, 
in the Time thereof. Since then the Body in the Caſe before us, 
deſcribes an Arch of the Circumference of 8 Feet in the Time it 
would fall through 4 Feet, it moves therein with a Velocity it 
would acquire by falling through 4 Feet, that is, half the Ra- 
dius. Q. E. D. To avoid a Circumlocution in the midſt of the 


Argument, I call the Space the Body would move over by Vir. 


tne of the central Force only, from jits Analogy therewith, a 


Fall. 


Univerſally thus, let the Diameter be equal to 4 times ſome 
certain Space, which Space let us call 4; the Diameter then will 
be equal to 4 4, and half the Radius will be equal to the Space 


4, in which Caſe, the Arch the Body deſcribes in the Time it 


would fall through the Space 4 muſt by the abovementioned Co- 
rollary, be ſuch as that the Square of it divided by 4 times 4 
may be once d, that is, the Arch muſt be twice (becauſe the 
Square of twice 4, which is 4 times dd divided by the Diameter 

times 4. gives once 4) but as before, if the Body move uni- 
> fo through twice the Space d, in the time it would fall 
through once that Space, it then moves with that very Velocity 


it would acquire by falling through that Space, that is, ex Hy- 


0th, through half the Length of the Radius. Q. E. D. 

From what has been demonſtrated above, we may eaſily learn 
the Relation which the central Force that is requiſite to retain 
one Body in the Circle it deſcribes, has to that which is required 
for the ſame, or another Body revolving in a larger or leſs Cir- 
cle. Which Relation is expreſſed in the following Lemma. 

: LEMMA III. | 

The central Force whereby one Body is retained in th 
Circle it deſcribes, is to that whereby a Body moving with 
a different Velocity or in a different Circle might be retained 
herein, as the Square of the Velocity of the former divided 15 

2 ä e 


/ 
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the Radius of the Circle it deſcribes, to the Square of the Velo- 
city of the latter divided by the Radius of the Circle which it 
geicribes. If then we call the central Forces whereby the two 
revolving Bodies are retain'd in their reſpective Circles C and c, 
their Velocities V and wv, and the Diſtances they revolve at, 
' that is, the Radii of the Circles they deſcribe, R and r, we ſhall 


alunys have this Proportion, C:c: : W 2 


Dem. By Corollary of Lemma 1, the Energy of the central 
Force is proportionable to the 1 64 of the Arch the Body de- 
ſcribes in a given Time, divided by the Diameter of the Circle. 
And Arches deſcribed in a given Time, are as the Velocities 
whereby they are deſcribed, and the Diameter of a Circle is as 
its Radius; conſequently the Action of the central Force is pro- 
portionable to the Square of the Velocity the Body moves with 
divided by the Radius of the Circle it deſcribes: The central 
Force therefore whereby one Body is retained in the Circle it 
deſcribes, is to that whereby a Body moving with a different 
Velocity or in a different Circle might be retained therein, as 
the Square of the Velocity of the former divided by the Radius 
of the Circle it deſcribes, to the Square of the Velocity of the 
latter, divided by the Radius of the Circle which it deſcribes. 
Q. E. D. 


Theſe Things which are the Foundation of what follows being 
eſtabliſhed, we may now proceed to demonſtrate each Propoſition 
of this Chapter in the Order they lie in ; the firſt of which is, 
That when two or more Bodies revolve at equal Diſtances from 
the Center, but with unegual Velocities, the central Forces ne- 

to retain them will be to each other, as the Squares of 
their Velocities. 

Dem. Let the Circle which one of the revolving Bodies is ſup- 
poſed to deſcribe in this and the following Caſes, be BDF, in 
Fig. 26. and that which the other deſcribes be 6 4 f, and let 
us call the Diſtances they revolve at from the common Center, 
that is, the Radii of the Circles they deſcribe, R and r; the 
Velocities they revolve with, V and v; and the central Forces 
neceſſary to retain them C and c. Then by Lemma 3. we ſhall 
have for the firſt ſtep of this De- „ 
monſtration, : e 12 
But by the Propoſition R is equal 4 

to 7, therefore _ ITa(C:e:;:VV: vv. Q. E. D. 


Eea - PRO 


214 Of Circular Orbits. Part Iv 


PRO p. II. When two or more Bodies move 
with equal Velocities, but at unequal Diſtances 
from the Center they revolve about, their 
central Forces muſt be inverſely as their Diſ- 
tances. That is, by how many times greater 
the Diſtance a Body reyolves at is from the 
Center, ſo many times leſs Force will. retain 
it (6). 
| I OP. III. When two or more Bodies 

perform their Revolutions in equal Times, but 
at different Diſtances from the Center they 
reyolye about; the Forces requiſite to retain 
them in their Orbs will be to each other as the 
Diftances they revolve at from the Center. 
For Inſtance, if one reyolves at twice the 
Diſtance the other does, it will require a double 
Force to retain it; if it deſcribes a Circle three 
times as large as the other does, then a treble 
Force is requiſite, Sc. (c) 


(5) Dem. By Lemma 3, as be-| |, . 
fore, . 
By the Propoſition V is equal to,. . 11 
g ore, A e6.- * Q. E. D. 


400. In order to demonſtrate this the following Lemma will be 
u 


L EMMA IV. 

The periodical Time of a Body revolving in a Circle, 
is as the Diſtance it revolves at from the Center directly, 
and as its Velocity inwverfly, And therefore in comparing the 
periodical Times , of two Bodies together, if we call their peri- 
odical Times T and t, the Diſtances they revolve at, Rand ; 
and their Velocities V and v, as before, we ſhall have this 

| — Propor- 
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PRO P. IV. When two or more Bodies 
revolving at different Diſtances from the Center, 
are retained by equal centripetal Forces, their 
Velocities will be ſuch, that their periodical 
Times will be to each other as the Square Roots 
of their Diſtances. That is, if one reyolves at 
four times the Diſtance another does, it will 
perform a Revolution in twice the Time the 
other does; if at nine times the Diſtance, it will 
reyolye in thrice the Time, Sc. (4) 


Proportion, wiz. T: :: * 8. 


Demonſtration of the Lemma. The periodical Time of a re. 
volving Body, ceteris paribus, 4 on the Diſtance it re- 
volves at from the Center, becauſe the greater that Diſtance is, 
the greater is the Circle it deſcribes, and ſo the longer it is in 
coming round. Again, cæteris paribus, the greater its Velocity 
is, the ſooner it comes round; and therefore the periodical Time 
is directly as the former, and inverſely as the latter: Or, as the 
former divided by the latter ; and I.; ny R one E. D 
conſequently nde . * 
Demon. of the Propoſition. By | C:c: _ 
Lemma 3. R 
Bo neg : e 
tiplying the 2d Ste | 
Ratio of V to v, 14 3 TV: :: Rep 
By the Propoſition, T is equal 
1, therefore, AIV: v:: R . 
Comparing the iſt and 4th Ste Jn 72 AL - 


together, S 2 
That is, 6 C: c:: V: v. Q. E. D. 
(d) Dem. By Lemma 3. e - 2 
Multiplying by R: - 2 CR: cr: : VV: aw 


By the Propoſition, C is equal 
c, therefore 


216 Of Circular Orbits. Part IV. 


ProP. V. And in general, whatever be 
the Diſtances, the Velocities, or the periodical 
Times of the reyolving Bodies, the retaining 
Forces will be to each other in a Ratio com- 
pounded of their Diſtances directly, and the 
Squares of their periodical Times inverſely. 
Thus for Inſtance, if one revolves at twice the 
Diſtance another does, and is three times as long 
in moving round, it will require 3, that is, 
two ninths of the retaining Power the other 
does. For as, if the retaining Power was in a 
Ratio compounded of the Diſtance directiy and 
directly alſo of the Square of the periodical 
Time, the latter Body would require twice 
the retaining Power the other would multiplied 
by 9, the Square of the periodical Time; fo, 
as the latter Ratio is an inverſe one, it requires 
twice that Power divided by 9; that is, 3 or 
to ninths of it. For in compounding of Ra- 
tio's the Way is, if they are both direct to 
nr them both together; if one be direct 
and the other inverſe, to divide the direct by 
the inverſe; if both are inverſe, to multiply 
them both together, and to divide Unity by 
them: Thus, if the retaining Power had been 


414 

Squaring the laſt Step 5 

Comparing the 3d and 5th, 6 

That is, - 
Extracting the Roots of the 7th 

Step, | 0 
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as the Diſtance inverſely and inverſely too as the 
Square of the periodical Time, then in the Caſe 
before us, the latter Body would have requi- 
red a retaining Power, which ſhould have been 
as the Number 1 divided by 2, multiplied by 
9; that is as 1 divided by 18: That is, if we 
ſuppoſe 1 to expreſs the central Force requiſite 
for the former Body, the Fraction & would 
have expreſſed that which would have been 
neceſſary for the latter; or in other Words, 
their retaining Powers would haye been related 
to each other, as 1 is to 7; ; that is, the former 
would have been 18 times greater than the 
latter (e). 

Prop. VI. If ſeveral Bodies revolve at 
different Diſtances from one common Center, 
and the retaining Power lodged in that Center 
decreaſes as the Squares of the Diſtances in- 
creaſe ; that is, if at a double Diſtance it be 


(e) Dem. By Lemma 3. 1 N = 
Multiplying by R to r, fee: : VV 0 
By Lemma 4, 7 2 
Multiplying the laſt by V to o, [4 inte 
Dividing the laſt by T to r, ISV: o:: 1 7 
Squaring the laſt, [* VV : Vo: I i 
RR 
Com th d 6th, 7 21 
paring 2 1 6th CR: cr TT 5 
Dividi a £22 a oe 
ing the laſt by R to / ee: T . XE. P 
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four times weaker ; and at a treble Diſtance, 9 
times weaker, Cc. the Squares of the periodi- 
cal Times of thoſe Bodies will be to each other 
as the Cubes of their Diſtances from the com- 
mon Center. That is, if there be two Bodies, 
whoſe Diſtances when cubed, that is, multiplied 
by themſelves twice, are double or treble, 5c. 
of each other, then their periodical Times will 
be ſuch, as that when ſquared only, that is, 
multiplied by themſclves once, they ſhall be 
alſo double, or treble, &c. of each other (F). 


(f) Dem. By Lemma 3, I C „ in? 
2 | 6 DS $6 I ned 2 ot 
By the Propoſition, | 2 N 7 
Ir ill 12 
Comparing the iſt and 2d Step, 3 * enn 7. 
Multiplying by R to v, 4 IVV: ww * 
By Lemma 4, 5 r: 9.2 | 
* 
| Multiplying by V to v, 6 frV: :: R- 
Dividing by T to , 7 V5 1 7 0 
RR re 
VV: o:: 2 
Squaring the laſt, 8 VV 73 f - 

n 1 74 RR rr 
Comparing the 4th and the 8th,] 9 K 7 F 
Multiplying by TT to z fie AE, RR 
Multiplying by R to v. 11 r. :: RRR: rrr. Q. E. D. 


And after like manner, we may eaſily demonſtrate the ſeventh 
Corollary of the fourth Propoſition of the firſt Book of Sir Iſaac 
Newton's Principia. Which becauſe it is of more than ordinary 
Difficulty to Beginners, I here add. It is to this Effect. | 

When Bodies revolve in ſuch Manner that their periodical 
Times are to each other as ſome Power (which call » ) of their 
| Diſtances, 
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Diſtances, the centripetal Forces requiſite to retain them, will 
he to each other inverſely. as twice that Power wanting one of 


* 


their Diſtances; that is, as their Diſtances raiſed to the Power 
e er | | 
Dem. By Lemma 3, Lol; erm 4 


Multiplying by the Ratio | 
of R-tor, | 4 
By the Sbppoſition, 3 | 


By Lemma 4, | | 


Comparing the 2d acid 4th, 
Dividing by Ru to rn, 


Dividing the Numerators in | 
the laſt Step by R: , gives 
1: 1, and dividing the 
Denominators Ra: rn by 
the ſame, brings them one 
Power lower, that is, to 
Rn—1: 2=1 therefore the | 
laſt Step is reducible to 

Squaring both Sides of the 
8th Step, which in the 
Denominators R2—2 and 
ru is done by doubling ' 
their Index n— 1, we have 

Comparing the 2d and gth 

n 
Dividing by R tor, which in 
the Denominators Ran — 2 | 
& ru isdone by adding | 
I to their Index 2n—2, | 
by which means it be- | 
comes 2n—1, we have 


Ts 
» * 


Scholium. The foregoing Demonſtrations would have pro- 
ceded with equal Pr we only taken the Antecedents, 
. f or 


220 Of Circular Orbits. Part IV. 


or the Conſequents in each Step; that is, only the large or on! 
the ſmall Letters. Which Method, becauſe I ſhall N 


of it hereaſter, I will here ou a. Specimen of. Let it then be 


required to demonſtrate the firſt Propoſition of this Chapter over 
again in this latter Method. | 
By Lemma 3. The central Forces are | {| 
as the Squares of the Velocities 4. ; a 
vided by the Radii of the Circles iC. VV 
defcribed, which put thus * 
By the Propoſition, the Circles deſcrib- 
ed have one common Radius, call x 
it 1. Then 2IR—zx 
From the 1ſt nd 2d Step compared, | | 
we have | 3 C: VV. 


That is, the central Forces of the revolving Bodies are to each 
other as the Squares of their Velocities, which is the Senſe of 
the Propoſition. | | > 

Again, let it be required, to demonſtrate the Corollary taken 
from Sir 1/aac Newton's Principia, over again in this Method. 


By Lemma 3. — ic: * 
. | 
By the Suppoſition — 2 T: Rn 
V 
E . 7 N - — 
Comparing the 2d and 3d Steps | fx * Re 
Multiplying by V | IFR: VR». 
Dividing both Sides by R, reduces R to 1, 3 
and brings Rn one Power lower, that N 
is toRn=2, ſo that we ſhall then have] 6 x : VRa—! 
22 £7 | + 
W „ 
Squaring the laſt Step, which in the | rr 
Quantity Ru is effected by doubling | I NM e 
the Index n—1, we have 


' Multiplying the firſt Step by R 
Comparing the two laſt | 
- Dividing by R, which in the 2 11 0 1 


Ranu—2 is done by adding 1 t In-| | 
dex, we have | 


p 
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Secondly, Of the Forces neceſſary to retain 
Bodies revolving in other Orbs. 


PRO pP. VII. If a Body be turned out of 
its rectilineal Courſe by Virtue of a central 
Force, which decreaſes as you go from the 
Seat thereof, as the Squares of the Diſtances 
increaſe; that is, which is inverſely as the 
Square of the Diſtance, the Figure that Body 
ſhall deſcribe, if not a Circle, will be a Para- 
bola, an Ellipſe or an Hyperbola, and one of 
the Foci of the Figure will be at the Seat of 
the retaining Power. That is, if there be not 
that exact Adjuſtment between the projectile 
Force of the Body and the central Power ne- 
ceſſary to cauſe it to deſcribe a Circle, it will 
then deſcribe one of thoſe other Figures, one 
of whoſe Foci will be where the Seat of the 
retaining Power is (g). 


(g) In order to ſhew this, it will be neceſſary to premiſe the 
following Lemma's. . 
LEMMA V. 


The Velocity of a Body deſcribing any Curve, (if its Courſe 
is regulated by a retaining Power) is in one Point of the 
Curve to its Velocity in any other Point thereof, inverſely as 
a Perpendicular drawn from the Seat of the retaining Power 
to a Tangent of the Curve at the firſt Point, to a Perpendicular 
drawn from the ſame Place to a Tangent at the other Point. 
That is, in fewer Words, the Velocity of the Body is inverſely 
as a Perpendicular let fall from the Seat of the retaining Power 
to a Tangent at the Point where the Body is. Thus, if the Body 
be at D, a Point in Curve DEF, Fig. 27, and PD be a Tangent 
thereto, and SP a Perpendicular to that Tangent, drawn through 
S the Seat of the retaining Power, the Velocity of the Body at 
D, compared with ons ad in other Parts of the mow 

2 
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will be inverſely as SP, that is, as the Quantity 55 . 


Dem. It has been demonſtrated, Part I. Chap. VIII. that re. 
volving Bodies deſcribe equal Areas in equal Times 1 that is, if 
a Body deſcribes the Curve Line DEF, and the Arches DE, EF, 
Se, be run over in equal Times, the Areas DES, EFS, .. 
will be equal; which Areas if we ſuppoſe the Times as ſmall as 
poſſible, may be conſidered as ſo many right-lined Triangles, be- 
cauſe in that Caſe the Lines DE, EF, c. looſe their Curvity, 
and being produced are Tangents to the Curve. Produce the 
Line DE to P, and let fall the Perpendicular SP, then the Area 
of the Triangle DES is had by multiplying its Baſe DE into 
| half SP; and the Area of EFS is equal to its Baſe EF multiplied 

by half a Perpendicular drawn from 8 to EF produced, Ge. 
Pat theſe Triangles being deſcribed in equal Times, are all equal, 
the longer therefore their Baſes, the ſhorter their Perpendiculars. 
But the Baſes being run over in equal Times by the revolving 
Body, they are as the Velocity of the Body wherewith they are 
deſcribed ; conſequently the greater the Velocity of the Body, 
the ſhorter is the Perpendicular, to the Tangent where the Body 
is. Which 1s the Senſe of the Lemma. 

55 - LEMMA-VI  _ 

Whatever Catve a revolving Body deſcribes by Virtue of 
a' centripetal'Force,” whether the Seat of that Force be within 
or without the Curve, the Action of that Force upon the 
Body when at any one Point of the Curve, muſt be to the ſame 
upon the Body when at another Point of the Curve, directly 
as the Diſtance of the Body from the Seat of the retaining Power 
and inverſely as the Cube of a'Perpendicular let fall from the 
Seat of the retaining Power to a Tangent to the Curve at the 

Point where the Body is, multiplied by the Radius of a Circle of 
equal Curvature with the Figure at that Point. That is, if AX 
in Fig. 28, be the Curve deſcribed, and MDN, whoſe Center is 
C, be a Circle of equal Curvature with the Figure at the Point 
D, and PD be a Tangent to that Point, and SP a Perpendicular 
| thereto drawn thro? S the Seat of the retaining Power, the central 


Force requiſite to act upon the Body at D muſt be as = , 
g I ite 8 ö | 7 | DS | 

Dem. By Lemma 5. the Velocity of the revolving 
Body when at D is as Sp calling then that Velochy V. 
| T=HD | | | ve 
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we have og | V. 


| 
Squaring both Sides — | 2} VV - A 
$18 | | 8b 

Call CD the Radius of the Cirele MDN, R; then by Lem- 

ma 3, the central Force neceſſary to retain the Body in that 

Circle, (or which is the ſame thing, at the Point D in the Curve 


ADX; becauſe. they = — of equal Curvature there) would, 
if placed at C, be 28 But whereas it is placed at 8 it 
acts obliquely to DC, and therefore to produce the ſame Effect, 
muſt act more forcibly in the Proportion of SD to DT, ſuppoſing 


ST perpendicular to DC ; that is, becauſe SP is equal to DT, 
in the Proportion of SD to SP. 
VV VVxSD 


CI Ie. at... 
But by the Golden Rule | 3} SP: SD: : R PER 


Conſequently the central 
Force neceſſary if placed | 
not at C but at 8, is ex VV xSD | 
preſſible by 14] SÞPxK 

Putting then C for the Ac- 
tion of the central Force 


neceſſary to be placed at |. VV xSD 8D 
8, we bre 5 C SPK or VVX SPR 
Comparing the 2d and 4th "VE 29 SD 
Steps together STA SPXR 
: | | 8 
That is, e:. Q. E. D. 


L EMMA VII. 


Let AD Fig. 29 be a Parabola, whoſe Axis is AG, and its 
Focus 8, and let PDF be a Tangent at the Point D, through 
the Focus S and Point of Contact D draw the Lines PS and DG 
both perpendicular to the Tangent PD, then will PS be equal 
to half DG. | | 

Dem. Produce DP till it meets the Axis in X, and draw the 
Diameter DO, and join the Points D and 8: Then becauſe DO, 
as being a Diameter is parallel to G X, the Angle FDO is equal 


to DXS; 'tis alſo equal to the Angle X DS (Miln. Conic. Sect. 


Part IV. Prop. 4.) the Triangle XS D is therefore an Iſoſceles 
one, and SP 2 perpendicular to the Baſe XD, XP is equal to 
half XD ; but PS and DG being parallel, the Triangles my — 
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XDG are ſimilar, and therefore PS is alſo equal to half DG. s 


Q. E. D. 
L EMMA VIII. 

Let AD Fig. 30, be a Portion of a Parabola, an Ellipſe or 
an Hyperbola, one of whoſe Foci is 8, its longer Axis AG 
and its Parameter or Latus rectum L; and let PF be a Tan- 
t at the Point D, join the Points D and 8, through the 
latter of which draw the Line SP perpendicular to the Tangent, 
and through the former the Line DG perpendicular alſo to the 
Tangent, 5 — the longer Axis in G, then will DG be 

* has Bs 


equal to 


2SP. 5 : 

Dem. Through the Point G draw the Line GT perpendicular 
to DS, then will the right-angled Triangles DGT and DSP be 
ſimilar, becauſe the Angles DSP and SDG are alternate, con- 
ſequent] . 8 n DG: DT: : SD : SP 
But by Miln. Conic. Sect. Part at ne 

IV. Prop. 6. | DT =;L 
From we, firſt and 2d Step 31DG::L::SD: Sp 

compared together | 
Turning the 3d Step into an IDG — LxSD Q. E. D 

Equation. eee eee 

LEMMA IX. | 
Things remaining as before, produee DG to C in Fig. 31, 


LXSD3 


will a Circle whoſe Center is C, and Radius CD, be of the ſame 
Curvature, and coincident with the Figure AD at the Point D, 
whether it be a Parabola, an Elipſe or an Hyperbola. 

| Demonſtration. 

I. For the Parabola. The ſame Lines being drawn as in 
the foregoing Figure, draw alſo through D, Fig. 31. the Dia- 
meter DV, and take a Portion of it as Dl equal in Length 
to the Parameter of that Diameter, and flet fall the Perpen- 
dicular IH meeting DG produced in H, and let L be the Latus 
rectum or Parameter of the Figure, then by the 3d Step of 
Lemma 88. |1DG:<L::SD:8$P 
The Angle HDI wants IDF 

to 5 it a right one, the 

Angle PSD wants SDP to 

make it a right one, but IDF 

and SDP are equal, Miln. 

Conic. Sect. Part IV. Prop. 

4. therefore HDI and PS 
are ſo alſo, the Triangles| | 

therefore HDI and SDP are] | 

ſimilar; conſequently 8D: SP: : DH Dh, 
rom 
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From the 1ſt and 2d Steps D , 
3 cagitime eps F 


By Miln. Conic. Sect. Part] 4 — 
IV. Prop. to. Corol. N 


From the 3d and 4th Step] 5 DG: 4 L:: DH : 4 D8 


com 


Multiplying the Antecedents 9 DG: Z L:: 
e y | _ 4 aptino 


Compounding the fifth and | LI. | 
ſixth Steps, that is 'mul-| 7] + DGz : 27 :: DH: SP 


tiplying them together | 
Lemma 7. Th * 0 * SP 
Comparing the 7th and 8th 94 DG2: =: DH: 2 DG 


1 


Turning the ꝗth Step no idols DG3 * LExDH 


an Equation | 4 
1 DG3 = LExDH 
Taking half the roth Step [Ii =. 
Fm Lenan 8, epos = Lene 
W ee 13 DHxLL __ LLLxSD3 
OY 2 88P3 
Dividing the 13th Step b 
11 85 3zeh Step by 14D i 
3 N | DH LxSD3 
Halving the 14th Step | : — 7 
2 ASE ee 
But by Suppoſition pe CD = 725 


Comparing the two laſt Steps 17 CD = <-DH 


But DH being perpendicular to PF, and the Angle at I a right 
one, it is obvious a Circle whoſe Diameter is DH, (and con- 
ſequently by the laſt Step, whoſe Radius 1s DC,) will paſs 
through the Point I, 31. El. 3. and will have the Line PF for 
a Tangent to it at D; but by Miln. Conic. Se&. Part III. Prop. 
11. Corol. 1. ſuch a Circle will be of equal Curvature with the 
Parabola at the Point D; and the Circle and the Parabola will 
be alſo coincident with each other at that Point, becauſe the 


Line PF i on to both. Q. E. DP). 
is a Tangent comm Q. II. For 
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II. For the Ellipfes and Hyperbola; Let AD in Fig. 32, be a 
Portion of an Ellipſis, in Fig. 33, a Portion, of an ne, 
one of whoſe Foci is 8, its Latus Rectum L, and its 
Axis AB; let PF be a Tangent at the Point D, and draw 
Lines SP, SD, and DG as in mg. 30; draw alſo the Dialer 
Dd and produce i it to I, ſo that — be 1 ang to the 3 
of that Diameter; let fall the Perpe IH meeting 
produced in H; through the Fatal 20 draw the 1 
and the Diameter KA conjugate to Dd; and to the longer Axis 
AB, the Ordinates DM and N ; and.in the Hy Yam, a produce 
EK and HD till they meet in R. 'Then by 1— own Property 
of the Ellipſis and Hyberbola De L'Hoſpit. 4 2. Pro 7 2 — 
Liv. 3. Prop. 2. EQ CA1: : DMA: A x MB 
Simſon's Conic. _ 

Lib. 2. Prop. 19. ande s 5-8 

Lib. 3. "A = 2 AMxMB - — = ENa 
Dom paring the 1ſt and = 

24 Steps together, 

and m their 


Roots: - EQ: EA:: DM; EN 

The Diameter K/ being conjugate to Dd is by the Definition 

* ſuch a Diameter, parallel to the Tangent PF, and conſequently 
DH being perpendicular to that Tangent, the Triangle GER is 
2 right-angled one, that Triangle therefore and the right - angled 
one KEN are ſimilar as having in the Ellipſe, their Angles at E 
vertical; in the Hyperbola, common: The rightangled Tri- 
angles GER and DG M are alſo fimilar, as having their Angles 
at G in the Ellipſe, vertical; in the Hyperbola, common: And 
conſequently the Triangles KEN and DGM are ſimilar i in _ 


Figure. 


Therefore | 4| DM: EN :: DG: EK 
Comparing the 3d and 


4th Ste together EQ: EA:: DG: EK. 
The ers ol Trian- * 9 
gles DER and DHII 
in the Ellipſe are fi-| | 
milar as having their| | 
Anglesat D common, 
in the Hyperbola as 
having their Angles | 
at D vertical, conſe- 9 | 
quently - | d DE : DR:: DH: Dl. 
2 BOS | 
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By the Definition | 


of the Parameter 
DI, for the El- 
lipſe De L'Hoſ- 
pit. Lib. 2. Defi- 
nit. 13. for the 
Hyperbola Lib. 
3. Definit. 15. 
The Extremes of 
the two laſt 5 
being the Gps 
the Product of the 
Means of the one 


muſt be equal to 


the Product of the 
Means of the o- 
ther, that is 

Multiplyin the8th 


IP by 


B 
. Lib. 2.Pro 
20.for — 


Lib. 3. Prop. 45. 
oe the Hyperbo- 


Form the and 10. 
* e 11 by 


By the Definit. of 
a principal Para- 
meter 

Wherefore 1 
the laſt 
nit. 10. m5 

Maldplping ng the 

aſt together 

Comparing the 5th: 
and 1 x toge- 
ther, Un have 

Multiplying the 
two laſt Terms of 


the 16th Step by 


imſon's 2 | 


| DE: EK 


— 
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— 


::2 EK : DI 


2 EKA DH x DR 
2 EK* = DH x DR x ER 


10 DR EK = EA x EQ 
11 2 EK! = DH x EA XE 


* — S EANx EQ 
: EQ:: EQ: EA | 


EA:: EQ: EA 
: EQx EA:: EQ. : EA? 


: EQ x EA:: DG* : EK* 


2 DG! 2EK* 


Fo it becomes 


:EQ x EA:: 


9 


DH 
Comparing 
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Comparin the! ILL 20bD8 . 

12 * 18 5 EQ EA:: A :EAxEQ 

17th together | 
The 9 | 

in the 18th St | 

being the kame, % N. LL 

the Antecedents . DH &1-1 

are equal, that is DG! — LExDH 
MultiplyingbyDH 2002 1 > Mas 
But the laſt Step here is the ſame with the 10th in the De. 
monſtration for the Parabola, from whence therefore the ſame 
Concluſion is to be drawn here as there: for the Propoſition in 
Miln. Conic. Sect. referred to at the End of that Demonſtration, 


Demonſtration of the Propoſition above, to which this Note 


refers: "SR uy | 

Let ADX, Fig. 28. be a Portion of the Figure the revolving 
Body deſcribes, whether it be a Parabola, an Ellip/e, or an Hy- 
perbola; and let L be the Latus Rectum or Parameter of the Fi- 
gure ; let the Seat of the ar nod, rue be at 8, one of the Fo- 
ci thereof, and let the Peer. ody be ſuppoſed at D: draw 
the Line PD a Tangent to the Curve at that Point, and let fall 
the Perpendicular SP. Perpendicular to the Tangent draw the 
Line DC, which let us ſuppoſe to be the Radius of a Circle as 
MDN, of the ſame Curvature, that the Figure AD is at the 
Point D. Then it is obvious, that the ſame Force which pla- 
ced at S would retain the revolving Body in the Circumference 
of the Circle when it came at D, will retain it in the other Fi- 
gure, at that Point, they being at that Place one and the ſame 


Curve. But by Lemma 6, fuch Force is as pF . 


then the retaining Power C; we ſhall have C: DS 
this Proportion, rr. OY | ; FO SNR 
And fince the Circle MDN is of the ſame Curvature and co- 

incident with the Figure AD X, its Radius DC is by Lemma 9, 


equal to the Quantity S-, putting then R for the Radius a 
| 4 a 
before we ſhall have this Equation | R — rp 


8 | | DS 
Comparing the iſt and zd Step toge-| | C: pr LSD. 

ther, we ſhall have this — 37 "SP? XL br 
| 2 


' Expunging SP? as being both Multipli-! 10: __DS__ 


cator and Diviſor : | 7 1 L x SD3 
” Dividing 
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, That a Body ſhall deſcribe Figures ſo diffe- 
rent, when the Power that direQs its Courſe is 
the ſame, and acts by one and the ſame Law, 
is owing to the Degree of Velocity the Body 
moves with. Thus ſuppoſing the central 
Power placed at S (in Fig. 34.) and that the 
revolving Body ſets off at D in the Direction 

DB perpendicular to the Line DS, with ſuch 
Velocity as it would obtain in falling by Vir- 
tue of that central Power only, half way from 
D to'S, it will then, by Lemma 2, deſcribe 
a Circle as DEM, whoſe Center is the Point 
$. If it ſets off from D in the ſame Direction 
as before, but with a leſs Velocity, it then re- 
yolves within that, Circle deſcribing an Ellipſe, 
as DLN, one of whoſe Foci is at 8, the Seat of 
the retaining Power, and the other between 
that and the Point D, as at F. If it ſets off 
from D with ſomewhat greater Velocity than 
what it would acquire by the above-mentioned 
Fall, it will ſtill deſcribe an Ellipſe, as DEO, 
one of whoſe Foci ſhall be at S as before, but 


Dividing all by DS |5|C: TIE 


But 3 L is the ſame, whatever Point 
of the Figure deſcribed the revolving | 
Body is at, and may therefore be 6 82 be 
conſidered as Unity, conſequently |”... Jy 
That is, the retaining Power, if it be inverſely as the Square 

of the Diſtance, and ſeated in the Focus of the Figure, whether 

it be a Parabola, an Ellipſe or an Hyperbola, will direct the Courſe 
of the revolving Body in ſuch Manner, as that it ſhall deſcribe 

the ſaid Figure. Q. E. D. 


G g 2 the 
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the other ſhall be beyond it as at G. If it ſets 
off with a Velocity which is greater than that 
it would acquire by the ahove- mentioned Fall, 
in the Proportion of / to 1, that is, the Square 
Root of 2 to 1, it ſtill deſcribes a Figure, one 
of whoſe Foci is 8 as beſore, but the other, as 
G, goes off to an infinite Diſtance; that is, the 
Figure deſcribed becomes a Parabola, as DPQ, 
whoſe Focus is 8. If it ſets off with a greater 
Velocity than this laſt; the Seat of the retain- 
ing Power remains ftill, at 8, but the other 
Focus & goes yet farther off; that is, it comes 
on on the other Side the Point D as at H, and 
the Figure deſcribed; becomes an Hy perbola; 
as DRT, whoſe Foci are 8 and H. 

From hence it is obſervable, that of the four 
Figures there are but two wherein an exact 
Adjuſtment is requiſite between the retaining 
Power and the projectile Force, vi. the Circle 
and the Parabola. In the former: of which, 
the Velocity muſt-be ſuch as the Body would 
acquire by falling half way to 8, in the latter 
it muſt exceed that in the Proportion of the 
Square Root of 2 to 1; that is, in the Propor- 
tion of ſome what leſs than 11 to 1. Thus 
for Inſtance, if one Degree of Velocity is re- 
quiſite to cauſe a Body to revolve in a Circle 
about the Point 8; it will require about one 
Degree and an half to make it deſcribe a Pa- 
rabola by Virtue of the ſame retaining Power 
ſeated in the ſame Point 8. te 

24 Again, 
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Again, the ſame Figures may be deſcribed, 
thoug — the Seat of the retaining Power be in 
the other Faci, F, G, or H; for Inſtance; if it 
be at F, in order that the Body y may deſcribe 
the Ellip © DLN, it muſt ſet off at D with 
the — Velocity it had in the former Caſe 
when it came to N: I it be at G, it will de- 


ſcribe the Ellipſe DEO, ſetting n ih 


the Velocity it F had before AO: Andiif &, the 
Seat of the retaining Power be at an infinite 
Diſtance, or in other Words (hecauſe to ſay a 
determinate Point is at an infinite Diſtance, is a 
contradiction in Terms) if the retaining Power 
act in ſuch manner as it would do if the Seat 
of it was at an infinite Diſtance; that is, if it 
act upon the revolving Body in Lines parallel 
to DG; and with the ſame Degree of Force, 
whether the Body be at D, at P, or at Q. c. 
it will deſcribe the Parabola DPQ with what» 
ever Velocity it ſets off with from D. For to 
deſcribe a Circle. round the Point G. at an in- 
finite Diftance; it muſt ſet off with an infinite 
Velocity, becauſe, as obſerved above, it muſt 
{et off with the Velocity it would acquire by 
falling half way to that Point; now a Body 
will deſcribe an Ellipſe round a given Point 
with any Degree of Velocity leſs then it will 
deſcribe a Circle with round the ſame; as it 
was obſerved that the Ellipſe DLN was de- 


ſeribed with leſs Velocity than the Circle 


DKM, but a Parabola is no other than an 


Ellipſe, one of whoſe F oct is at an infinite 
Diſtance, 
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Diſtance, the Body will therefore deſcribe a 
Parabola when the Seat of the retaining Power 
is at an infinite Diſtance, with any Degree of 
Velocity leſs than an infinite one. 

This is the Reaſon, that Projectiles upon 
the Surface of the Earth are ſqid to deſcribe Pa- 
Tabola's, becauſe on Account of the great Diſ- 
tance of the Center of the Earth, compared with 
the Height Bodies can be thrown to, Gravity 
does as to act upon them uniformly and 
in parallel Lines. N 
in, when the Point G the Seat of the re- 
taining Power goes off at an infinite Diſtance 
one way; it immediately, or indeed ſtrictly 
ſpeaking, at the ſame Inſtant, becomes the Point 
H at an infinite Diſtance the other way; ſo that 
thoſe two conſidered as at an infinite Diſtance, 
are as it were one and the ſame Point; and 
conſequently it is the ſame Thing whether the 
retaining Power be at G an infinite Diſtance to 
the Right, or at H an infinite Diſtance to the 
Left, and therefore the Figure will ſtill be a 
Parabola, and may alſo be deſcribed with any 
Degree of Velocity: only if it be at H, an in- 
finite Diſtance to the left, the Power muſt be 
negative in reſpect of what it was before; 
that is, it muſt be of the repul/eve Kind, as it 
is obvious it ought to be, to cauſe the revolv- 
ing Body to deſcribe a Figure whoſe Con- 
vexity is turned towards the Seat of the re- 
taining Power. * 
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If the Seat of the retaining Power H comes 
nearer, ſo as to be at a finite Diſtance from the 
other Focus 8, the Power muſt ftill be nega- 
tive, or repulſive; ; and the Figure deſcribed 
will be an Hyperbola, whoſe Foci are H _ 
S. And the Hyperbola in this Caſe ma 
deſcribed whatever be the Velocity the Bots 
ſets off with ; for the central Force being of 
the repulſive Kind, the Figure deſcribed will 
neceſſarily be convex towards the Seat thereof, 
that is, towards one of its Foci; but none of 
the Sections of the Cone have one of their Fo- 
ci on the conyex Side of the Figure, and at a 
finite Diſtance from its AEM, except the Hy- 
perbola (4). 


Hence 


(+) In order to evince the Truth of what is here affirmed, 
the following Lemma will be of Uſe. 


LEMMA X. 

Let the Curve Line DPQ in Fig. 35. repreſent a conic Section, 
one of whoſe Foci is 8, and let the Circle DER be of the ſame 
Curvature therewith at its Vertex D, then if the Curve be a 
Parabola, DR the Diameter of the Circle will be equal to, if it 
be an Ellipſe, it will be leſs, if an Hyperbola it will be greater 
than four times the Diſtance DS. 

Demonſtrat. of the Lemma. By Milnes Conic. Sect. Part III. 
Prop. 2. Coroll. 5.) DR the nes of the Circle is equal to 
= Parameter of A* Axis of the Curve, * it be a Para- 

a, Ellipſe or Hyperbola, which let us cal | 
Th * - | ! L— DR 
I. But in the Parabola, by the 

Definition of the Parameter, 

De L'Hoſpit. Cop. Sect. Lavr,| 

I. Def. 5.) 2|L = 4DS 
Comparing 1 and zd Step | 3 DR =4 Ds. Q. E.D. 


4. © oh 


a — 


23 e ee 


2. If che Curve be an EI- 4 
lipſe, let F be its other 
e then will DF + 
Ds be equal to its longer 
Axis, De L' Hoſp. Con. 
Sect. Liv. 2. Cor. 2. of 
the Definitions; call -its} © 
ſhorter Anis, X. Then 


the Parameter De L' 


rr 


6.44 15 


= — * 
+ 


4 L: X x: : DS+ DF _ 
[*]- =B54vr | 


: 


Equa 
By De L Hoſpit. Conic. 
Oo Liv. 27050 : 


Square of half X is e- 
qual to DSX DF, that is r = DS x D 


4 | 

71 X43 = {DS x DF 

7] Fm 4 DS x DF 
— DS+DF 


L: 4 DS:: DF: DF-+ DS 
io] DR: 4 DS: : DF: DFDS 


St | 
But DF DF S 16s than DF + DS, hes DR is lefs than 4 


DS. 
" Fa Curve be an Hyperbola, let H be its other Focus, 
then will DH — DS be equal to its lon Ax, s, by De L'Hoſ- 
Con. Sect. Liv. 3. Corol. 2. of the : And call as 
— * „ Axis X; then from the Definition of the Fart. 
meter (De L Hoſpit. Conic. Sect. Liv. 3. Defin. 8.) we ſhall 
2 1 L : X: X DH — DS 
Turning the laſt Step 0 | Xq 
an Equation I21L —= 
(By De L N Conic.| | 
3. Coroll. 4.] | 
of the Definitions) the | 
Square of half X is e- 


Felsen 58 Pb, X1 = DS x DH 
I 


that 18 
Therefore KN. = 4 DS x DH 


Comparing 


— — — . 
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i . 
Comparing the 11th and 124 DS x DH 
lach Sers HbA 55 
Turning this into a Pro- , 
portion 15 L: 4DS:: DH: DH—DS 
Comparing the 1ſt and 
14th Steps [16] DR: 4DS: : DH: DH—DS 


But DH is greater than DH—DS, therefore DR is greater 


alſo then 4 DS. Q. E. D. This being premiſed, we may proceed 
to confirm what was laid down in the Text above. 


1. Let the Curve DPQ be a Parabola, and the Circle DKR 
being of the ſame Curvature with the Parabola' at the Point D, 
as ſuppoſed above, the Velocity a Body ought to ſet off with 
from D, to deſcribe the Circle, is the ſame with that with | 
which it ought to ſet off, to defcribe the Parabola : but the Ve- | 
locity it ought to Tet of with to deſcribe the Circle, is by Lem- | 

| 


ma 2. ſuch as it would acquire by falling to 8, becauſe DS being 

by Lemma 10.) a Quarter. of DR, is equal to half the Radius 

of the Circle; call this Space 2: but the Velccity it ought to 

{et off with to deſcribe a Circle, whoſe Center is 8, is ſuch as it 

would acquire by falling through half DS, which Space (becauſe | 
the whole Line DS is called 2) muſt be called one. Now the | 
Velocities Bodies acquire by falling through certain Spaces are to 
each other as the Square Roots of thoſe Spaces (by Part I. | 
Chap. 5. $ 6.) the Velocities therefore are to 
each other as . z to 1. That is, the Velocity a Body ought to | 
ſet off with from D (the Vertex of the Figure, and in a Direc- | 
tion perpendicular to the Axis DS, which I would always have 
ſuppoſed) in order to revolve in a Parabola whoſe Focus is 8, is | 
io that it ought to have at the ſame Place (and in the ſame Di- | 


region) to deſcribe a Circle whoſe Center is 8, as 4/2 to 1. * 

2. Had the Figure DPQ been an Ellipſe, a Quarter of DR 
the Diameter of a Circle of the ſame Curvature therewith, had 
been (by Lemma 10.) leſs than DS; and ſo the Velocity the 
revolving Body maſt have had to deſcribe that Circle, or (which 
is the ſame Thing, becauſe of their equal Curvatures) the Ellipſe, 
would have been acquirable by falling through a leſs Space than 
DS, and thetefore would have been a leſs Velocity. That is, 
it would have exceeded the Velocity requiſite for a Circle, whoſe 
Center is S the Seat of the retaining Power, in a leſs Proportion 
than that of 12 to 1. 


3. If the Figure DPQ be an Hyperbola, a Quarter of DR is | 
bigger than DS (by Lemma 10.) and ſo the Space a Body muſt 
fall through to get a competent Velocity for” that Curve, will be 
3 than what it muſt fall through to obtain a competent 

'elocity for the Parabola: * ty therefore requiſite for 
| the 


— 


—— 
— I — — 8 
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Hence we may obſerve, that, ſuppoſing the 
Motion of a revolving Body be ſo adjuſted to 
the Power by which 7 is retained, that it ſhall 
deſcribe a circular Orb, and its Velocity be 
afterwards altered by ſome Accident, and 
thereby the Ad * Se thereof to the central 
Force Bede that Body fhall not imme- 
diately fall to the Center: the Form of its 
Orbit only will be altered, and from being 
circular, will become elliptical, parabolical, 


or hyperbolical, according to the Alteration 


made in its Velocity. Let its Velocity be di- 
miniſhed in any Degree whatever, or let it be 
increaſed, ſo it be in a leſs Proportion than as 

42 to 1, its Orbit becomes an Ellipſe; if it 
be increaſed exactly in that Proportion, a Pa- 
rabola; if in a greater, an Hyperbola. Hence 
we have a probable Reaſon why the Orbits of 
the Planets are now elliptical; for ſuppoſing 
them to have been circular at firſt, as it is not 
unlikely they were, yet upon the firſt Diſtur- 
bance in. their Motions, - whether from their 
mutual Action upon each other, the Reſiſtance 
of the Medium they revolve in, the Acceſs of 
a Comet, or any other Cauſe whatever; and 
whether their Motion be increaſed or decreaſed 
thereby, provided it be not increaſed in a De- 


the Hyperbola exceeds the Velocity required for a Circle whoſe 
Center is 8, in a greater Proportion than that of V2 to 1. 
From which all that is afſerted above in the Text to which this 


Note refers, except what is there otherwiſe accounted for, may 
be collected. 


2 glee 
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gree beyond the Proportion above laid down, 
their Orbits would immediately become ellip- 
tical. Should the Motion of any of them be 
increaſed in or above the ſaid Proportion, its 
Orbit would accordingly be changed into a 
Parabola, or an Hyperbola, and the Planet 
would go off, never to return. 

PROP. VIII. If the Force of the central 
Power decreaſes as the Square of the Diſtance 
increaſes, and ſeveral Bodies reyolving about 
the ſame$ deſcribe Orbits that are elliptical, 
the Squares of the periodical Times of thoſe 
Bodies will be to each other as the Cubes of 
their middle Diſtances from the Scat of that 
Power (&). | 


V To dewonſtrate this Propoſition, let the following Lem- 


ma be premiſed. 
LEMMA XI. 

'The Area a revolving Body deſcribes, is as its Velocity mul- 
tiplied by a Perpendicular Jet fall from the Seat of the retaining 
Power to a Tangent at that Point of the Curve where the Body is. 

Dem. of the Lemma. Let AB in Fig. 36. be the Curve de- 
ſcribed, DC a Portion of the Curve deſcribed in the leaſt Time 
poſſible, then will DC repreſent the Velocity of the Body ; pro- 
duce DC to P, then will DP be a Tangent to the Curve: From 
S the Seat of the retaining Power let fall the Perpendicular SP, 
draw DS and CS; then will DCS be the Area the Body de- 
ſcribes, but DC by reaſon of its ſhortneſs-may be conſidered as a 


ſtraight Line, the Area DCS is therefore a Triangle, which is 


had by multiplying the Baſe DC into half the Perpendicular SP, 
therefore it is proportionable to DC multiplied by the whole Line 


SP, that is, to the Velocity of the revolving Body multiplied by 


a Perpendicular let fall from the Seat of the retaining Power to 

a Tangent at that Point of the Curve where the Body is. Q. E. D. 

Dem. of the Propoſition. Let ADB and adb in Fig. 37 and 38. 

repreſent two Ellipſes, whoſe principal Parameters are L and L, 

and let 8 be one of the Foci of the one, and s one of thoſe of 

the other, and let the Ellipſes be ſuppoſed to lie in ſuch manner 
H 


h 2 upon 


—— 


{t 
1 
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upon one another, that the Points 8 and s may be one and the 
{ame Point, which let us ſuppoſe to be the Seat of the retaini 

Power ; and letythe revolving Bodies be at D and 72, throupk 
which draw the Tangents PD and pd, the Perpendiculars PS and 
DC, and ps and dc, and the Lines DS and gs; and let DC and 
dc be Radii of Curvature to the Points D and 4; and let the 
Force of the retaining Power at the Diſtance SD be called F, 


and at the Diſtance d be called 7, and let the Velocities of the 


revolving Bodies when at the Points D and 4 be called V and v. 
Then becauſe by the Propoſition the Foree of the central or re- 
taining Fower is ſuppoſed to decreaſe as the Squares of the Diſ- 
'tances SD and d increaſe, that is, to be reciprocally as the 
Squares of thoſe Diſtances, we ſhall have for the firſt Step of the 


: ? ; 1 
following Proceſs, this Analogy, vix. |: r 2: 8D 7 


Parallel to the Tangents draw the Lines SH and 35, and let the 
Force of the retaining Power which acts upon the Body at D in 
the Direction DS be reſolved into two others, wiz. DP and DH, 
the former along the Tangent DP, the latter along the Radius 

of Curvature DC, then it 15 obvious that it is by this latter Force 
only that the revolving Body is retained in the Circle whoſe 
Radius is DC, that is, in the Ellipſe at the Point D, the other 
Force along the Tangent only accelerates the Body when moving 
towards A, and retards it if moving towards B. To compute 
the Quantity of Force in the Direction DC, ſay as DS is to DH 


ſo is the oblique Force F, or inſtead thereof 155 (ſee Step the 


1K) to a fourth Number, which fourth Number by the Golden 


Rule will be 555 „or (becauſe SP is equal to DH) bn and in 
like manner we ſhall have — for the Force retaining the other 
Body in the Circle whoſe Center is c; but by Lemma 3. the 
Fores neceſſary to retain a Body in a Circle whoſe Radius is CD 
is expreſſible by the Square of its Velocity divided by the Radius 
of the Circle it deſcribes, that is, in the preſent Caſe by => : 
And in like manner the Force retaining the other Body in its 


* . * | SP. <5 Ve ef 
Circle, will te 27 conſequently FIR . I 8 7 2 


Multiplying 


Chap. XVIII. Of other Orbits. 239 
Multiplying they | . 1 
IE 1 | 

. 3 SD3 x CD: =, * :: V 2*¹ 

Since CD is ſuppo-- - ES 

ſed to be the Ra- 

dius of a Circle of 
aal Curvature 


with the Figure, 
we ſhall have by 


| L x SD? IX d: 
Lemma 9. theſe] 4] CD = Dp, and ed = 
Equations, viz. 1 2 SE | * 
Comparing the 3d 5 SP „SD — 1323 :: V4: 2 
and 4th Steps W 


That is, by redu- 


cing the laſt Step L „ 4. 2 1 

to 4 Terms | © SPA Ya 1 
Extracting the W Mw | 
Square Root of r - 
each Term E 

Multiplying by SP | 


8 Y vL:v!::Vx8P:vxy 


ut 
the Area one Bo: - 
dy deſcribes is to 
that which the 
other deſcribes in | 
the.ſame time, as, | 
VxSPtowxy, | 5 
which Areas call N 
A and a, and we 
ſhall have this | 
8 vi. A: 4: VX SP: VN ꝙ 
omparing the 8th „ 
and ooh Sites io A: : VL. V 
Now the Area of the whole Ellipſe ADB is to that of the 
other adb, as AB the longer Axis multiplied by QN the ſhorter, 
to ab x gn, thoſe Quantities therefore may be put for the Areas 
themſelves : Tf then we call the Time in which the Areas A and 
a are deſcribed in, one, (as one Hour, or one Minute ſuppoſe) 
and the Times the whole Ellipſes are deſcribed in, T and ?; we 
ſhall have (ſince the Area a revolving Body deſcribes is propor- 
tional to the Time it is deſcribed in) the following Analogies, 
Vix. 111: T:: A: AB x N 
And Ll t:: a: ab x in 


Comparing 


—— — — — — 
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Cungaring Ge) | | EE 
teps to- 2 POM , | . 
: 12 13 150 * AB x QN 
etwofollow-\, ['4| 1 :t:: „: ab x gn 
ing ones, viz. 
By De L'Hoſpital 
* 2 1 Liv. 410 611 
2. . I 2 88 
Turning the laſt , | Q Q 
Proportion into | | 
an Equation. 16 AB x L = QN? 


Extracting the 
Square Roots of 
each Side of the] 1 

uation 1714/ABx4/L=QN 

in like man- wk} 

ner 180 ab x /{ = qn 
oa ages. ors | 

_ run RY 191: T:: VL: ABN /ABx VL 

And comparingthe | 

t - — 7 

— 200 1: :: VI: ab x V N V 

Dividing the latter 
Part of the 19th 
Proportion by 1 
n 21 1: T:: 1: AB XN VAB 

Dividing the latter 
Part of the zoth 2 
Proportion by 722 12 ab X VU 

Comparing the 1 LE 
21ſt and 22d 23 T: tr: ABN VAB: abxwv ab 

Squaring each 

Term 124 TT: t:: ABA AB: ab x ab 
That is TT :tt:: AB!: ab 

But half the longer Axis AB is equal to the middle Diſtance 

SN, (De L'Hoſpital Conic. Se&. Liv. 2. Corol. 3. of the De- 

finitions) therefore ſince Halves are proportionable to their 


Whales 1261 TT: tt: ;SN*; 58% Q. E. D. 


PROB. 


Chap. XVIIT. Of other Orbits. 241 


PROP. IX. If the retaining Power decreaſes 
ſomething faſter as you go from the Seat there- 
of (or which is the ſame thing, increaſes ſome- 
thing faſter, as you come towards it) than in 
the Proportion mention'd in the laſt Propoſi- 
tion, and the Figure the revolving Body de- 
ſcribes be not a Circle, the Axis of that Figure 
will turn the ſame Way the Body revolves ; 
but if the ſaid Power decreaſes (or increaſes) 
ſomewhat ſlower than in that Proportion, the 
Axis of the Figure will turn the contrary Way. 
Thus, if a revolving Body as D, Fig. 39. 
paſſing from A towards B deſcribes the Figure 
ADB, whoſe Axis AB at preſent points to- 
wards M and N, and the Power whereby it is 
retained decreaſes faſter than the Square of the 
Diſtance increaſes, after a Number of Reyolu- 
tions the Axis of the Figure will point towards 
Oand P, and after that towards Q and R, Sc. 
reyolving round the ſame Way with the Body, 
and if the retaining Power decreaſes flower than 


in that Proportion, the Axis will turn the 
other Way. (i) 


(i) Dem, Let S in Fig. 40. repreſent the Seat of the retain- 
ing Power, and let a Body as D, deſcribe the Orb ADB paſſing 
from A towards B; and let another as N deſcribe a revolving 
Orb as MNO equal and ſimilar to the former; and let both the 
Orbits be deſcribed in the ſame Time; and let the Velocity 
wherewith the Orb MNO revolves be ſuch, that the Angle 


ASN ſhall always be proportionable to the Angle ASD. To 


explain this a little farther, ſuppoſe that when the Bodies N and 
D ſet out from M and A, thoſe two Points were then together 
at A; or that the Orbits did then coincide ; but that N advances 
forwards in ſuch Manner, as that if the Angle ASN is at any 


time 


— 
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time double, treble, or in any other Proportion of the Angle 
ASD, it ſhall always be fo: t is, that the Line SN ſhall 
always move faſter or ſlower than the Line SD in ſome certain 
Proportion; and that the Point M ſhall follow or go from the 
Body N, ſo as that the Arch MN ſhall always be equal to the 
Arch AD. And let it farther be ſuppoſed that the Line SN is 
always equal to SD. | 

| The firſt Inquiry which ariſes here is, whether this be a 
poſſible Caſe ; that is, whether the. Body N moving with the 


above-mentioned Reſtrictions, the Line SN can deſcribe Areas 


proportionable to the Times, becauſe as was ſhewnz Part. I, 
Chap. 8. that is always requifite where Bodies revolve round a 
central Force, and are retained in their Orbits thereby. Let it 
then be conſidered in the firſt Place, that the Body D revolvin 
in the quieſcent Orb ADB may do ſo, its Motion being — 
with none of thoſe Suppoſitions; ſecondly, that the Line NS is 
always equal to DS, and the Velocity wherewith its Extremity 
N moves forwards, is proportionable to that which D the Extre- 
mity of the other moves with ; and conſequently the Areas 
which one deſcribes, (for the Areas depend ſolely on the Length 
and Velocity of the Lines that deſcribe them) will be propor- 
- Gonable to thoſe which the other deſcribes : Since then thoſe of 
the former may be propernepapie to the Times they are de- 
ſcribed in, it is poſſible thoſe of the latter may be ſo too; the 
Suppoſition therefore above laid down is not abſurd. 
he next Inquiry is, by what Lam the Action of the central 
Force at S muſt decreaſe as we recede from it, that a Body as N 
may deſcribe the revolving Orb MNO in the manner above- 
mentioned Or, which will anſwer our Purpoſe as well, how 
the Force neceſſary to retain the Body N deſcribing the revolving 
Orb MNO, muſt differ from that which is requiſite to retain the 
other Body D deſcribing the quieſcent Orb ADB equal and 
ſimilar thereto. 
In order to this, let DR, in Fig. 41. repreſent a Portion of the 
quieſcent Orb deſcribed in the leaſt Time poſſible, this then may 
be conſidered as a ftrait Line; and let the Motion of the Body 
along this Line be reſolved into two, the one towards S along the 
Line DT, and another along the Line TR at right Angles there- 
with ; then will DT repreſent the Velocity wherewith the Body 
deſcends towards 8, and conſequently the Action of the central 
Force whereby it is retained in that Arch ; and TR will repreſent 
that by which it advances forwards in the mean time. Let it now 
be ſuppoſed that the Orb ADB advances forwards, while the 
Arch DR is deſcribing ; but not by Virtue of any additional Force 
in the Center, but by ſome extrinſic one, no matter what: That 
5 18, 
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is, ſuppoſe that the Line SD turns round the Point S faſter than 
it would otherwiſe have done, carrying the Body with it ſo much 
the faſter ; but that the Body deſcends towards S along that Line 
juſt as it did before: That is, in other Words, that the Line DT 
which repreſents the Deſcent of the Body, is of the ſame Length 
as before ; but that the other Line TR Which repreſents the 
Progreſs of the Body forwards, is longer than it was in the other 
Caſe. Let it then become TQ; in which Caſe, the Body moy- 
ing over the Line DT and the Line TQ in the ſame Time, 
will in reality get to the Point Q: But obſerve, that the Point 
Qis farther from S than the Point R is, becauſe the Angle at 
T 1s a right one; whereas the Law which we laid down above 
for the Motion of a Body deſcribing a revolving Orb was ſuch, 
that at the End of the Time in which DR would be deſcribed in 
the quieſcent Orb, the Body in the revolving Orb, ſhould be at 
the ſame Diſtance from S as if its Orb had not revolved ; if 
then round the Point 8, we deſcribe a Circle as RFG, and thro 
8 draw the Line Q, N muſt be the Point the Body muſt come 
to. Since then the Body in deſcribing the revolving Orb with- 
out any Addition to the central Force above what would cauſe 
it to deſcribe the quieſcent one, would come to Q; but with 
ſuch an- Addition as is neceſſary to make it revolve in the man- 
ner above laid down, it comes to N, it is obvious that the Line 
QN * the Diftance between thoſe two Points will aptly re- 
preſent that Addition. It remains then to get the Meaſure of 
that Line, which may be done in the following manner. 
Produce QT to F, then (by 35. El. 3.) will the Rectangle 
QN X QG be equal to QR x QF. Therefore 
1 JQN x QG = QR x QF 

Dividing by QG N = = 

Let it be obſerved then in the firſt Place, that as the Motion 
of revolving Bodies is ſuch that they deſcribe equal Areas in 
equal Times, the longer the Line DS is (that is the nearer D is 
to A, ſuppoſe) the ſhorter the Line TR muſt be, and for the 
ſame Reaſon alſo the Line TQ: That is, both TR and TQ are 
reciprocally as SD, which let us put thus 


I rR. 


And 4 TQ: 81 
Obſerve ſecondly, chat fince RF| | 
is a Chord of a Circle, and| | 
ST perpendicular to it 5 [RT = TF 


| 
| 


ADB, D is nothing with reſpect to NG, therefore QG and 
t 


Ds; therefore inſtead of QG in the 2d Step, we may put DS, 
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From the Figure 6 | QR = TQ — TR 
Becauſe RT and TF are equal | 7 QF = QT + TR 

Since then by the zd and 4th Steps, TR and TQ are both | 
reciprocally as SD, and by the 6th and 7th Steps, QF is equal 
to the Sum of thoſe Lines, and QR is equal to their Difference, 
it is obvious that QF and QR are alſo each reciprocally as $D, 


| 

1 f 

which put thus 8] QF: SD | 

1 | 

And 3 9 R: SU | 
Multiplying the 8th and gth 1 2 
Steps together 10 8 VE. SD! 


Obſerve alſo that when the Points D, T, R, Q and N coincide, 
which muſt ever be ſuppoſed, becauſe we are all this Time con- 
ſidering only what is done at one and the ſame Point of the Curve 


NG are the ſame Line ; therefore QG may be ſaid to be as NG, 
or as half of it, viz. RS, or which will be the ſame Thing, 


a R x QF 
and then it will ſtand thus 11 QN = S 
The 11th Step without altering | . 1 
the Value of it, may be ſet thus i 2 QN = QR x QF * 5 
Comparing the 1oth and 12th 1 I | 
Steps together we have 13] QN = DSi * BGB 


That is = 

4 AV = p53 
That is, the Line QN, or the additional central Force requi- 
fite to cauſe a Body to move in a revolving Orb muſt be recipro- 
cally as the Cube of the Diſtance of the revolving Body from the 
Seat of the retaining Power. Whereas then, when the centripe- 
tal Force decreaſes as the Square of the Diſtance increaſes, the 
revolving Body deſcribes a Parabola, an Ellipſe, or an Hyperbola; 
if to that centripetal Force be ſuperadded another, that ſhall de- 
creaſe as the Cube of the ſaid Diſtance inereaſes; thoſe two For- 
ces acting conj..intly upon a reyolving Body ſhall cauſe it to deſ- 
cribe the ſame Figure as before, but the Axis thereof ſhall revolve 

the ſame Way that the Body does. 

But obſerve here, that if a Force decreaſes faſter in any Degree 
whatever than the Square of the Diſtance increaſes, but ſlower 
than the Cube, that Force is the Sum of two Forces, one of 
which decreaſes as the Square, the other as the Cube of the 
aA Diſtance 
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Thus it is the heavenly Bodies, vig. the 
Planets both primary and ſecondary, and alſo 
the Comets, perform their reſpective Revolu- 
tions. The Figures in which the primary 
Planets and the Comets revolve, are Ellipſes, 
one of whoſe Foci are at the Sun. The Areas 
they deſcribe by Lines drawn to the Center of 
the Sun, are in each proportionable to the Times 
in which they are deſcribed. The Squares of 
their periodical Times are to each other as the 
Cubes of their middle Diſtances from the Sun. 
The ſecondary Planets deſcribe alſo Circles or 


Diſtance increaſes. Thus for Inſtance, let the Diſtances be as 
2 to 1, the Squares of them will be 4 to 1, their Cubes 8 to 1 ; 
and let the Forces be as 6 to 1; I ſay, this Proportion will ariſe 
from adding 4 to1to8to1; for 4 to 1 added to 8 to t, is 12 
to 2, that is 6 to 1. Again, let the Forces be as 5 to 1 ; I ſay, 
this alſo will ariſe from adding 4 to 1 to 8 to 1 ; for inſtead of 
4 to 1 let us take 12 te 3 which is the ſame Thing, this ſuper- 
added to $ to 1 makes 20 to 4, that is, 5 to 1. Apain, let the 
Forces be as 7 to 1; this alſo is the Sum of 4 to 1 added to 8 to 
1; for inſtead of 8 to 1 we may take 24 to 3, which added to 
4 to 1 gives 28 to 4, or 7 to 1. And the ſame for FraQtions : 
ſo that let a Proportion be what it will between 4 to 1 and 8 to 
1, it may be conſidered as ariſing from 8 to 1 added to 4 to 1. 
When the retaining Power therefore by which a revolving Body 
is kept in its Orbit, decreaſes faſter than the Square of the Diſ- 
tance increaſes, but not ſo faſt as the Cube thereof does ; it is a 
Power decreaſing as the Square, having another Power decrea- 
ſing as the Cube of the Diſtance ſuperadded to it; and therefore 
as the Propoſition in the Text aſſerts, if the retaining Power 
decreaſes ſomething faſter, c. Q. E. D. As to the Figures 
turning the contrary Way, when the centripetal Forces decreaſes 
ſomewhat ſlower than as the Square of the Diſtance increaſes ; 
that is but the Converſe of this, and therefore needs no particu- 
lar Demonſtration. 


11 2 Ellipſes, 
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Ellipſes, one of whoſe Foci are in the Center 
of their Primary ones. The Area that each 
deſcribes by Lines drawn to the Center of its 
Primary, is proportionable to the Time it is 
deſcribed in. The Squares of the periodical 
Times of the Secondaries belonging to the ſame 
Primary, are to each other as the Cubes of 
their Diſtances from their Primary. And above 
all, that very Force by which Stones or heavy 
Bodies fall to the Surface of the Earth with us, 
is at the Diſtance of the Moon, juſt ſufficient 
to retain her in her Orbit, ſu it to des 
creaſe as we go from the Center of the Earth 
in that Proportion, in which the Cauſe, that 
retains her and the reſt of the Planets in their 
Orbs, whatever it be, maſt do to make them 
elliptical (0). And farther, which alſo is a 

neceſſary 


{1) To find out whether this be ſo or not, Tet us calculate 
what Velocity the Mcon would acquire, were ſhe to fall half 
way to the Center of the Earth by Virtue of that Gravity, 
whereby heavy Bodies tend to the Earth; and compare it with 
the Velocity ſhe moves with in her Orbit; becauſe by Lemma 
2 of this Chapter, if ſhe be retained in her Orb by that Gravity, 
thoſe Velocities ought to be the ſame. The mean Diſtance of 
the Moon from the Earth in round Numbers is 60 Semidiame- 
ters of the Earth, therefore the Force of Gravity at the Diftance 
of the Moon is the Square of 60 times leſs than it is at the Sur- 
face of the Earth; therefore the Fall of a Body at that Diſtance 
in a Second of Time, will be ſo many times leſs than it is here; 
but the Fall of a Body here in a Second, is about 15 Paris Feet, 
conſequently at the Moon it is but ,004166 Feet. The Space 
therefore it would moye over in a Second, with the Velocity ac- 
quired by that Fall, is, by Part I. Chap. 5. & 7. twice that 
Quantity, 'viz. ,008332 Feet, which Number therefore may be 
Put to expreſs its Velocity. Now becauſe the Velocities Bodies 

acquire 
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neceſſary Conſequence of what we are about to 
lay down, the Motion of the Planet Saturn is 
obſerved to be diſturbed by Jupiter; and the 
Secondaries of Jupiter to be Aillurbed in their 
Motions upon the nearer Approach of Saturn; 
and the Courſe of the Moon is inceſſantly al- 
tered by the Action of the Sun, in ſuch man- 
ner as to cauſe all thoſe Irregularities mentioned 
in Chapter the Sth of this Part. All which, 
together with the Preceſſion of the Equinoctial 
Points, the Nutation of the Poles of the Earth, 
and the Phænomena of the Tides, which na- 
turally low from it, make it extremely pro- 
bable that there is a Virtue diffuſed about the 
Sun and Planets, not unlike that of Attraction, 
which decrcaſes as the Squares of the Diſtances 
from the Centers of thoſe Bodies increaſe, and 


acquire "by falling, are as the ſquare Roots of the Spaces they 
fall through, Part I. Chap. 5. § 6. ſay, as the Square Root of 
,004166, is to the Square Root of 590866170, which is half 
the Semidiameter of the Moon's Orbit, (ſuppoſing the Semidia- 
meter of the Earth to be 19695539 Feet, which is Caffn!'s 
Meaſure, and the Diſtance of the Moon from the Earth to be 
60 Semidiameters as above) ſo is 0083 32 to 3135 Feet, which 
is therefore the Space the Moon would move over in a Second 
with the Velocity ſhe would acquire by falling half way to the 
Center of the Earth. But this comes within an hundredth Part 
of her Velocity in her Orbit, as may eaſily be calculated from 
the Time ſhe” revolves in, viz. 27 Days, 7 Hours and 43 Mi- 
nates, and the Semidiameter of her Orbit, which according to 
the Meaſures we have taken above, is 1181732340. That Force 
therefore hy which Bodies fall to the Ground with us, is at the 
Diſtance of the Moon ſuch as is requiſite to direft her Courſe. 

VN. B. The Proportion of a Pari, Foot to that af England. 
u a5 367 196 to 343800. 


acts 
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acts upon Bodies in Proportion to the Quantity 
of Matter they contain. is 1 

This being allowed, it will follow, that as 
the Sun attracts the Planets, and thereby re- 
tains them in their Orbs, they in like manner 
attract the Sun, though with Forces propor- 
tionable only to the Quantities of Matter they 
contain; ſo that ſtrictly ſpeaking, each prima- 
ry Planet revol ves not about the Center of the 
Sun, but about a Point which is the Center of 
Gravity between the Sun and that; and that 
the Sun moves alſo round that Point, and is al- 
ways oppoſite to the Planet with reſpect there- 
to: And likewiſe that the Center of the ſolar 
Syſtem is not in any one Body, but in the 
common Center of Gravity of all the Bodies 
of which it conſiſts. But then the Sun is ſo 
immenſely large in reſpect of any one, or all 
of thoſe Bodies put together, that that Center 
is very near the Center of the Sun. In like 
manner, the Moon does not revolve about the 
Center of the Earth as a Point at reſt, but the 
Earth and Moon revolve each about the Cen- 


ter of Gravity common to them both, which 


Center of Gravity it is, and not the Center of 
the Earth, that deſcribes the Orbit the Earth 
is commonly ſaid to revolve in. And ſo of 
the other Planets which are attended by Se- 
condaries. | | 

The Irregularities in the Motion of the Pla- 
net Saturn, and thoſe of the Secondaries of 
Jupiter, owing to the Cauſe aboyementioned, 

are 
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are ſo exceeding ſmall, that it ſhall ſuffice to 
have juſt mentioned them. | 

The more remarkable Effects of the diſturb- 
ing Force of the Sun, are the lunar Irregularities, 
the Preceſſion of the Equinoctial Points, the Nu- 
tation of the Poles of the Earth, and the eb- 
bing and flowing of the Sea, Which ſhall be 
particularly conſidered in the following Chapter. 


— 


* 


— 


— 


CH AP. XX. 


Of the Lunar Irregularities, the Pre- 
ceſſion of the Equinoctial Points; 
the Nutation of the Poles of the 


Earth, and the ebbing and flowing 
of the Sea. 
J. O account for the lunar Irregularities, 
let 8 in Fig. 42. repreſent the Sun, 
T the Earth, and LMNO the Orbit of the 
Moon, and let the Moon be in one of its Qua- 
dratures at L, and let the Lines LS and TS be 
drawn. It is obvious, that the Tendency the 
Moon has towards the Sun is along the Line 
LS, and that which the Earth has, is along the 
Line TS: Let then the former of theſe be re- 
ſolved into two others, the one along LA pa- 
rallel and equal to TS, the other from L T 
along 
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along the Line LT. The former of theſe 
Tendencies being parallel and equal ta that 
whereby the Earth tends along the Line TS, 
alters not the Situation of the two Bodies L. 
and T with reſpect to each other; that is, it 
difturbs not the Motion of the Body L; but 
' the other along LT increafes its Tendency to- 
wards T. = | 

And this Increaſe will be to the Tendency 
the Moon- has te A, which is the ſame the 
Earth has to S, as the Diſtance LT to LA, or 
TS. Or in other Words, the Gravity of the 
Moon towards the Earth in the Quadratures is 
augmented by the Action of the Sun; and 
that Augmentation is to the Tendency the 
Earth has to the Sun, as the Length of the 
Line LT, or the Diſtance of the Moon from 
the Earth, to TS the Diſtance of the Earth 
from the Sun. 8 

So that the greater the Moon's Diftance is 
from the Earth, the Diſtance of the Sun re- 
maining the fame, the greater will this increaſe 
of the Moon's Grayity towards the Earth be. 
But if the Diftance' of the Moon from the 
men enn the ſame, and the Diſtance of 

Sun be augmented, this additional Increaſe 
will be the lei in Proportion to the Cube of 
that Diſtance (a). 1 
pg yo ago 14 


: 


1 * * 1 ; # f l + 


J) Por, if TS be inkredfed,” white LT remains the fame, | 
LT*will be ſo much che leſs with teſpect to TS, that is the In- 
creaſe will be diminiſhed in Proportion to the Sun's TO 1 
e | ut 


ew 


| 
| 


SOS SS „„ 


PARTY. IV; Prarte IX. Tay. 25 O. | 


Chap. XIX. Irregularities. 251 


Let now the Moon be in one of its Syzygies 
at M, then will the Tendency ſhe has to the 
Sun over and above what the Earth has, which 
is farther off at T, be to that which the Earth 
has, as the Difference of the Squares of SM 
and ST is to the Square of SM : but the Dif- 
ference between the Squares of SM and ST 
bears ſuch Proportion to the Square of SM as 
twice MT, that is MO, does to SM; becauſe 
the Difference between the Squares of two 
Numbers that are nearly equal (as SM and ST 
are on account of the great Diſtance of 8) bears 
double the Proportion to the Square of the 
leſſer Number, that the Difference between 
the Numbers themſelves bears to the leſſer 
Number (n). The Tendency therefore the 


But when TS the Diſtance of the Sun is increaſed, the abſolute 
Force of the Sun, and therewith the abovementioned Increaſe, 
will be diminiſhed alſo in proportion to the Square of that Diſ- 
tance, conſequently taking in both the Accdunts, it will upon 
the whole, be diminiſhed in Proportion to the Cube of that 
Diſtance. 1 Broth | 
in)] Dem. Let a be the leſſer Number, and a + & the larger, 
and let their Difference & bear no ſenſible Proportion to the leſ- 
 & ET | 
Then the Square of the leſſer i? aa 
The Square of the larger is, ——— a 23 ＋- bb 


The Difference between theſe is — 2456 ＋ bb 
And 55 being rejected as inconfiderable, the nab 
Difference is only | $ 


Now the Proportion of 2ab to as is (taking a 5 | 


out of each Term) 26 to a. 


But 25 to a, is double the Proportion that once 5 has to a, and 
therefore the Difference between the Squares of the two Numbers 
bears double the Proportion to the Square of the leſſer Number, 
that the Difference between the Numbers themſelves bears to the 
lefſer N umber . Q E. D. | 
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Moon when at M, has to the Sun, over and 
above what the Earth has, is to that which 
the Earth has, as MO, or twice LT, to SM, 


or becauſe of the Sun's great Diſtance, as twice 


LT to TS. Her Tendency therefore to the 


Earth is now diminifh'd in that Proportion: 
But as was ſhewn above, it was augmented in 


the Quadratures in the Proportion only of LT 
to TS. The Diminution here is therefore dou- 
ble of the Augmentation there. 

And whereas that Augmentation, when the 
Diſtance of the Sun remains the ſame, was 
ſhewn to increaſe with the Diſtance of the 
Moon; but when the Diſtance of the Moon 
remains the ſame, to decreaſe with the Cube | 
of the Sun's Diſtance; this Diminution being 
always double of that, will do the ſame. 

When the Moon is in the other Syzygy at 
O, ſhe is attracted towards the Sun leſs than 
the Earth is by the Difference of the Squares 
of SO and 8T; which as to the Effect, is the 
ſame Thing as though the Earth was not at- 
tracted at all towards 8, and the Moon were 
attracted the contrary Way, ſo that her Ten- 
dency to the Earth is here alſo diminiſhed, as 
well as when ſhe was at M, and almoſt in the 
ſame Pegree; for on Account of the Suns 
great Diſtance, the Difference between the 
Spuares of 80 and ST is nearly the ſame as 
berween ST and SM. 

Or becauſe this way of accounting for the 
Pimiinution of the Gurt of the Moon we 

war 8 
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wards the Earth in the Syzygies may not be 
ſufficiently clear, it may be conſidered other- 
wiſe, thus. The armual Courſe of the Moon 
round the Sun being performed in the fame 
Time that the Earth's is, ſhe ought to be re- 
tained in that Courſe by the ſame Force that 
the Earth is, whereas when ſhe comes to M, 
the Action of the Sun upon her is greater than 
it is upon the Earth, by the Difference of the 
Squares of SM and ST ; and when ſhe is at O, 
it is leſs than it is upon the Earth by the Dif- 
ference between the Squares of ST and SO : 
So that in the former Caſe ſhe is drawn too 


much towards the Sun, and in the latter too 


little; and therefore in both Caſes her Tenden- 
cy towards the Earth is diminiſhed; and almoſt 


in the ſame Degree; becauſe, as was obſerved 


above, the Difference of the abovementioned 
Squares is nearly the ſame in either Caſe. 

Let the Moon be in a Point of her Orbit 
between the Quadrature and the Syzygy, as 
at L in Fig. 43. Then being nearer the Sun 
than the Earth is, ſhe will be attracted with a 


ſtronger Force: Let it be 1 by LS 


produced to D 'till LD is of ſuch Length, 
that TS being put to expreſs the Action of 
the Sun. upon the Earth, LD may be long 
enough to expreſs the ſtronger Force of the 
Sun upon the Moon: And let LD be reſolved 
into two others, one of which let be LA equal 


and parallel to TS, then will the other be 
AD, or its equal 7 parallel LG. This LG 
| K k 2 19 
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is the only diſturbing Force upon the Moon at 
L, the other LA being parallel and equal to 
TS, affects the Moon Faſt as the Sun does the 
Earth; and ſo alters not their Situations with 
reſpect to each other. Let then, to avoid a 
Conſuſion of Lines, this Figure with the Line 
LG, be removed to the 44th. This Force 
1 may be reſol ved into LI and LH, the one 
a Tangent to the Orbit of the Moon, and the 
other perpendicular thereto: The former ac- 
celerates the Motion of the Moon when going 
from the Quadrature at Qto the 8yzygy at B; 
and will retard it when going from B to R. 
The other when H falls upon TL produced, as 
in this Figure, diminiſhes the Tendency of the 
Moon towards the Earth, and when it falls 
between Land T, it augments it. 
When the Moon i is at L between the Qua- 
drature R and the fite Syzygy O, in Fig 
45. the Tendency abe Moon towards the 
Maggs is leſs than har of the Earth; it may then 
| be expreſſed by LD-a Line Hhorter than'TS, 
and is reſolvable into EA a Line equal and 
parallel to TS, and DA, or its equal and pa- 
rallet LG. Which LG is the only diſturbing 
Force, and may, as im Fig. 44. be reſolved in- 
to two others, one of Which ſhall draw the 
Moon towards O, the other to or from T, as 
the Caſe may happen. So that in the firſt Place, 
the nearer the Mok is to its Syzygies, the 
greater will be its Velocity; and the' nearer it 
zs to the Quadratures, the lower it will move; 
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becauſe one of the Forces into which LG is 
reſolvable (as LI in Fig. 44.) accelerates its 
Motion from the Quadratures to the Syzygies; 
and retards it as much from thence to the Qua- 
dratures. Which is the firſt Irregularity (u). 
2. When the Moon 1s in the WES Hed As 
at L or N, or in the Syzygies as at M or-O, 
ſee Fig. 42. the diſturbing Force is directed to 
or from the Center of the Earth; and there- 
fore when the Moon is paſſing thoſe Points it 
is no Impediment to her deſcribing Areas pro- 
N e to the Times; but when ſhe is at 
in Fig. 44, or 45, where it is expreſſed 
by LG, only one of the Lines into which it 
is reſolved, as LH, points to or from the Center 
of the Earth; the other, as LI, pointing another 
Way, prevents her deſcribing Areas proportio- 
nable to the Times. So that it is only in the 
Quadratures and Conjunctions, that the Areas 
are proportionable to the Times, I hich is the 
ſecond hl (I y R 
3. The Motion of the Moon being accele- 
rated during her Progreſs from the Quadratures 
to the Sy zygies, and retarded from thence to 
the Quadratures, her Motion in the Syzygies 
is too quick, in the Quadratures too flow? 
add to this, her Tendency to the Earth is in 
the former Situation too ſmall, in the latter 
too large: Both which conſpire to render her 
Orbit more curved in the Quadratures than in 
the Syzygies, ſo that ſhe runs off farther from 


(=) See the Lunar Irregularities enumerated in Chap. ve a 
the 


— 


256 Of the Lunar Part TY, 


the Earth in the Quadratures, and comes nea- 
rer in the Syzygies. than ſhe would otherwiſe 
do, deſcribing an Orbit, one of whoſe Axes, vi. 
that which paſſes through the Quadratures, is 
longer, than that which paſſes through the 
Syzygies. Which is a third Irregularity. 

4. The Gravity of the Moon towards the 
Earth in the Syzygies,' being twice, as much 
diminiſhed by the Action of the Sun, as it is 
augmented in the Quadratures; if we' take a 
whole Revolution together, it may be conſi- 
dered as diminiſhed only. In the Perihelion 
therefore, at which Time the Earth and Moon 
are neareſt the Sun, it will be diminiſhed the 


moſt of all; that Diminution (as ſhewn above) 


being inverſely as the Cube of the Sun's Diſ- 
tance, and ſo the Gravity or Tendency of the 
Moon to the Earth will be the leaſt. On which 
Account ſhe will run out into a greater Orbit; 
and ſo her periodical Time will be greater, 
than when the Earth is in its Aphelion. Which 
ig a fourth Irregularity. Ex 

5. When the Moon is in the Quadratures, 
the Action of the Sun (as ſhewn above) in- 
creaſes the Tendency of the Moon to the Earth 
in Proportion to her Diſtance from thence, this 
Force ſuperadded to the Action of the Earth 
upon the Moon, which decreaſes as the Square 
of the Diſtance increaſes, occaſions that Force 
to decreaſe as you go from the Earth, /ower 
than it would otherwiſe do; or which is the 


lame Thing to increaſe ſlower as you go the 
| other 


* 1 
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other way. But by Prop. 9. of the foregoing 
Chapter, when a retaining Power decreaſes or 
increaſes flower than the Square of the Diſtance 
increaſes or decreaſes, and the Planet deſcribes 
an Ellipſe, the Linea Apſidum of that Planet 
will go backwards; the Linea Apſidum there- 
fore of the Lunar Orbit, when ſhe is in the 
Quadratures, goes backwards: When the Moon 
is in the Syzygies the Action of the Sun dimi- 
niſhes her Tendency towards the Earth, and 
thereby make it decreaſe as you go from, or 
increaſe as you go to the Earth, too faſt; and 
ſo the Linea Apſidum at that Time goes for- 
wards, But the Diminution in the Syzygies 
exceeds the Augmentation in the Quadratures, 
and fo the Linea Apſidum goes farther forwards 
than backwards every Time, till at length it 
revolves quite round according to the Order of 
the Signs. Which is a fifth . 

6. When the Gravity by which a Planet is 
retained in an Orbit that is excentrical, decrea- 
ſes or increaſes too faſt, the Planet when going 
off from the Seat of the retaining Power, that 
is, towards its upper Ap/zs, will go off too 
far; and when it is coming to its lower Apſis, 
it will approach too near; and ſo the Excen- 
tricity of its Orbit will be increaſed. When 
its Gravity decreaſes or increaſes too /ow, the 
Planet will not in the former Caſe go off far 
enough, nor come ſo near to the Seat of the 
retaining Power in the latter, as it ought to do; 
in this Caſe therefore, the Excentricity 4 0 

Tit 
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Orbit will be diminiſhed, Eat the Tendency 
of the Moon to the Earth when in the Syzy. 
gies, decreaſes or increates too laſt, the Excen. 
tricity of her Orbit is therefore at that time 
the greateſt; and on the contrary it is the leaſt 
when ſhe is in the Quadratures. And if we 
compare ſeveral Revolutions of the Moon to- 
gether, we ſhall find, then when the Linea 
Apſidum is in the Quadratures, the Excentri- 
city of the lunar Orbit will be the leait of all; 
becauſe in that Situation of the Linea Apſidum, 
the Difference between the Tendency the Moon 
has to the Earth in one of the Apſes, and that 
which it has in the oppoſite one, is the leaſt of 
all: Whereas when the Linea Apſidum is in 
the Syzygies, that Difference will be the greateſt ; 
and therelore the lunar Excentricity will be fo 
too. / bich is a ſixth Irregularity. 


7. We have hitherto been conſidering ſuch 
Irregularities in the. Courſe of the Moon as 
would happen if its Orbit were coincident with 
the Plane of the Ecliptic: But as it is not fo, 
there will ariſe others; in order to account for 
which, it will be praper to premiſe the follow- 
ing Conſiderations. 

Firſt, That when the Line of the Nodes 1s 
in the Syzygies, the Plane of the Moon's Or- 
bit paſſes through the Center of the Sun as 
well as through that of the Earth, and ſo the 
Moon in that Situation of the Nodes, is not 

drawn 


PART.IV Pure. x G 252 
D | —_ 


of . 


_—_ ww 3viwW-Y S gay © Jay IF Du War Www Two ä W "NO "ON. — wv _ 


Chap. XIX. Irregularities. 259 


drawn out of the Plane of her Orbit by the 
Sun. 

Secondly, That when the Line of the Nodes 
is in any other Situation, and the Moon not 
in one of the Nodes, ſhe is continually drawn 
ont of the Plane of her own Orbit, on that 


Side on which the Sun lies. For inſtance, if + 


the Plane of her Orbit prodr ced paſſes above 
the Sun, the Sun draws her downwards ; if on 
the contrary, the Plane of her Orbit produced 
paſſes below the Sun, it draws her upwards. 
From theſe two Conſiderations it follows, 
that when the Line of the Nodes is not in the 
Syzygies, and the Moon having paſſed either 
of the Nodes, has got out of the Plane of the 
Ecliptic on either Side, the Action of the Sun 
occaſions the Moon to return back to the Plane 
of the Ecliptic ſooner than ſhe otherwiſe would 
do; but where the Moon enters that Plane, 
there is the next Node; ſo that each Node 
does as it were come towards the Moon, meet- 
ing her part of the Way. And the nearer the 
Line of the Nodes is to the Quadratures, the 
greater is this Effect, becauſe in that Caſe the 
Sun 1s the fartheſt of all from the Plane of the 
lunar Orbit produced. So that the Line of the 
Nodes goes backwards the faſteſt of all, when 
it is in the Quadratures; and not at all in 


the Syzygies. Which is the ſeventh Irregula- 


rity. 
8. Again, when the Nodes are in the Qua- 
dratures, and the Moon has lately paſſed * 
L 1 
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of them, and is approaching that Syzygy that 
is next the Sun, the Action of the Sun upon 
the Moon prevents her aſcending ſo far; that 
is, departing fo far from the Ecliptic as ſhe 
otherwiſe would do; and fo diminiſhes the In- 

clination of her Orbit to the Ecliptic: And as 
| ſhe goes on to the next Quadrature, by haſten- 
ing her Deſcent thither, it oc ions the Moon 
to croſs it in a larger Angle than ſhe would 
otherwiſe do; and fo increaſes the Inclination 
of the Orbit as much as it diminiſhed it before. 
And, for the ſame Reaſon, while the Moon paſ- 
ſes from that Quadrature to the oppoſite Sy- 
zygy, the Action of the Sun decreaſes the In- 
clination of her Orbit, and increaſes it again 
in her Paſſage from thence to the next Quadra- 
ture. All which needs no farther Illuſtration, 
unleſs the following Inſtance may be of Uſe. 
If you toſs a Stone up into the Air, the Ac- 
tion of the Farth upon the Stone prevents it 
from riſing ſo high as it would otherwiſe do; 
and if a Stone be thrown down obliquely, the 
ſame Action by bending its Courſe towards the 
Earth all the Way, makes it ſtrike the Earth 
in a larger Angle than it would otherwiſe do. 
When the Nodes are in the Syzygies, the 
Inclination of the lunar Orbit to the Plane of 
the Ecliptic is neither increaſed nor diminiſhed: 
The Sun being then in the Plane of the Moon's 
Orbit produced. 

But while the Nodes are paſſing from the 


Syzygjcs to the Quadratures, the _— 
0 
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of the Moon's Orbit to the Plane of the Eclip- 
tic, is diminiſhed in every Revolution of the 
Moon; and while they are paſſing from thence 
to the Syzygies, it is continually increaſing. 
So that the Inclination of the lunar Orbit is 
the greateſt of all when the Nodes are in the 

Syzygies, and leaſt when they are in the Qua- 
dratures. Which is an eighth Irregularity. 
But this requires a particular Explanation. 

Let then S in Fig. 46. repreſent 'the Sun, 
NFDG the Plane of the Ecliptic, QR the 
Quadratures, and MO the Syzygies. And let 
NLDI be the Orbit of the Moon; and ſup- 
poſe the Nodes at N and D in the middle 
between the Syzygies and the Quadratures. 
Farther, let there be a Point H in the Ecliptic 

oppoſite to the Point S, and let the Orbit 
N LDT be fo inclined to the Plane of the E- 
cliptic, that if it were extended every Way, it 
would paſs above S and below H. Then becauſe 
when the Moon is nearer the Sun than the 
Earth is, ſhe is attracted towards the Sun more 
than the Earth is; and when ſhe is farther off, 
the Earth is attracted more than ſhe i is, in which 
caſe ſhe is therefore as it were attracted the other 
way; let us imagine a Sun at S, and another at H; 
and let it be remembered that the Orbit of the 
Moon produced, paſſes aboye S and below H: 
And let the Moon be paſſing from N towards 
IL. Then the Attraction here being towards 
8, and the Orbit produced being above 8, it 
is obvious that the Moon will not paſs to L 

L12 but 
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but to A, a Point between L and FE, deſerib- 
ing the Curve NA; ſo that the Inclination of 
the lunar Orbit is perpetually diminiſhed, while 
the Moon is paſſing over go Degrees from the 
Node N, it being a quarter of a Circle from 
N to A. To avoid Confuſion in the Figure, 
let us ſuppoſe that the Moon came to L. In 
going from thence to the next Quadrature at B, 
which is 45 Degrees, the Attraction of S pre- 
wvails ſtill, becauſe the Moon is as yet nearer to 
8 than the Earth is; and therefore as the Orbit 
produced is above 8, and the Moon going 
downwards, the Attraction of 8 haſtens her 
Deſcent, and ſo makes her deſcribe the Curve 
LC inftead of LB, which if produced would 
make with the Plane of the Ecliptic, a larger 
Angle than her Orbit LB does at D; in going 
over this 45 Degrees therefore the Inclination 
of her Orbit is increaſed. Let us now ſuppoſe 
her going from B towards D; the Attraction 
here lies towards H, becauſe ſhe is now paſt 
the Quadrature; and ſhe is tending to a Point 
below H; H therefore attracts her upwards, 
making her deſcribe the Curve BE, inſtead of 
BD, which is about 45 Degrees more, and 
makes a leſs Angle with the Plane of the Eclip- 
tic, than BD does: Not that E falls beyond 
D, it only happens ſo in the Figure, becauſe 
we ſuppoſed the Moon to move from L and B 
inftead of A and C. Upon the whole therefore, 
while ſhe moves from N to D, the Inclination 
of her Orbit is diminiſhed during three Parts 

out 
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out of four of her Paſſage. In like manner it 
is diminiſhed by the Attraction of H, while 
ſhe goes from D to I, and augmented by the 
fame Attraction in going from thence to K, and 
diminiſhed again between K and N. Add to 
this, that while the Moon moves from N to L, 
or from D to I, the diſturbing Force, whether 
of S or H, is much more conſiderable than it 
is when ſhe is between L and P, or I and N; 
becauſe in the former Caſe, the Difference be- 
tween her Diſtance from the Sun, and that of 
the Earth from the ſame, is greater than it is 
in the latter. While the Nodes therefore are 
between M and R, and O and Q; that is, 
while they are paſſing from the Sy zygies to the 
Quadratures, the Inclination of the lunar Orbit 
is continually diminiſhing. | 
For though we have ſuppoſed the Nodes 
equally diſtant from the Quadratures and Sy- 
zygies, the like Effects will happen, though 
different in Degree, when they are nearer to 
the one than to the other; as is eaſy to imagine. 
Let now the Nodes be in the mid Way be- 
twen R and O, and Q and M, as in Fig. 47. 
and let the lunar Orbit produced paſs above 
S and below H as before, and let the Moon be 
coming from the Node D towards B. She 
being there in the Power of H, and moving in 
a Plane which if produced paſſes below H, 
will be attracted upwards thereby, ſo as to 
deſcribe the Line DC inftead of DB; by 
which means the Inclination of her Orbit will 
be 
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be increaſed. In going from thence to I, ſhe 

is in the Power of 8, which lies below her 

Orbit produced, and ſo her Aſcent will be di- 
miniſhed, and ſhe will go to A, inſtead of I; 
whereby the Inclination of her Orbit will be 
leſſened ; and afterwards as ſhe goes towards N 
ſhe will be attracted downwards all the Way 
coming to E inſtead of N; by which means 
the Inclination of her Orbit is again increaſed, 
So that upon the whole, it 1s increaſed three 
Parts out of four of her Paſſage from Node to 
Node; for the like will hold in her Paſſage 
through the other Part of her Orbit, and as 
well when the Nodes are not in the middle be- 
tween the Quadratures and the Syzygies, as 
when they are, except in Point of Degree. 
And for the Reaſon mentioned in the other 
_ Cafe, the Force which augments the Inclination 
of the Orbit, is ſuperior for the Time being, 
to that which diminiſhes it. While the Nodes 
therefore are paſſing from the Quadratures 
to the Syzygies, the Inclination of the Moon's 
Orbit to the Plane of the Ecliptic is conti- 
nually increaſing. Which is what remained 
to be made out. 

All theſe Irregularities are greater when the 
Earth is in its Perihelion, than when it is 1n its 
Aphelion, becauſe as was obſerved above, the 
Effect of the Sun's Action whereby they are 
produced, is inverſely as the Cube of its Diſ- 
tance from the Earth. They are alſo greater 
when the Moon is in Conjunction a 4 

un, 


Chap. XIX. The Preceſſion, c. 265 


Sun, than in Oppoſition for the ſame Reaſon; . 
for the Earth and Moon taken together, are 
nearer the Sun in the former Situation of the | 
Moon, than they are in the latter. 


II. Let us now imagine that the Circle N LDI | 
is a ſolid Ring like that of Saturn, and that 
it moves round its Center T the ſame Way the 
Moon does round the Earth ; it is obvious that 
every Point of this Ring, will endeavour to 
put on the ſame Motion that we have ſhewn' 
the Moon to do: That is, that every Point in 
its Paſſage from N to L. will endeavour to 
move in the Line NA, (ſee Fig. 46.) every 
Point between L and B, will endeavour to 
deſcribe the Curve LC, and every one between 
B and D, the Curve BE; and the like for Fig. 
47. 80 that the Ring as to the Motion of its 
Nodes, and its Inclination to the Plane in which 
its Center moves, will be affected in the ſame 
manner that the Orbit of the Moon is; and 
therefore its Nodes, when in the Syzygies, will 
ſtand ſtill, and its Inclination to the Plane of the 
Ecliptic will be the greateſt: In all other Situ- 
ations the Nodes will go backwards, and faſteſt 
of all when in the Qyadratures, at which Time 


the Inclination of the Ring will be the leaſt. 


Let us now ſuppoſe that there is a Redun- 
dancy of Matter ſurrounding the Earth in the 
equatoreal Parts thereof; or in other Words, 
that the Earth is an oblate Spheroid, having 
its — Diameters longer than that which 


paſſes 
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paſſes through the Poles, as we ſhall ſhew it 
to be in che next Chapter. This Redundancy 
of Matter, will, like a Ring ſurrounding the 
Earth and fixed to it, endeavour to put on the- 
abovementioned Motions, and thereby commu- 
nicate them to the Earth itſelf. The equinoctial 
Points therefore which anſwer to the Nodes of 
o_ Ring, when they are in the Syzygies, that 

s, at the Equinoxes, will ſtand ftill, and the 
28 of the Equator to the Plane of the 
Ecliptic will be the greateſt; in all other Situ- 
ations they will go backwards, and faſteſt of 
all at the Summer and Winter Solftices, at 
which Times they are as it were in the Qua- 
dratures with the Sun; and then the Inclina- 
tion of the aboyementioned Plane will be the 
leaſt. 


III. From hence it follows, that the Axis 
of the Earth, being eee to the Plane 
of the Equator, changes there with its Inclina- 
tion to the Plane of the Ecliptic twice in every 
Revolution of the Earth about the Sun. For 
inſtance, it increaſes while the Earth is moving 
from the Solſtitial to the Equinoctial, and di- 
miniſhes as much in its Paſſage from the Equi- 
noctial to the Solſtitial Points. Which Phæno- 
menon is called the Nutation of the Poles. 


IV. Another Phznomenon and of the ſame 
kind with the lunar Irregularities, is the ebbi 
and flowing of the Sea; only, as thoſe fo 
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from the Action of the Sun upon the Moon, 
this is owing to the Influence both of the Sun 
and Moon upon the Waters of the Ocean; 

and is to be accounted for upon the ſame Prin- 
ciples, after the following Manner. 

Let the Point L in Fig. 48. repreſent the 
Moon, MNOP, the Earth, whoſe Center is C. 
And let G be the common Center of Gravity of 
the Moon and the Earth. Which latter let us ſup- 
poſe ſurrounded with Water to a great Depth. 
Then, according to what was obſerved at the 
End of the laft Chapter, theſe two Bodies con- 
tinually revolve about the Point G, the Point 
M deſcribing the Circle AB; the Point C, the 
Circle NP; and the Point O, the Circle FF; 
and all in the fame periodical Time; conſe- 
quently by Propoſition the third of the fore- 


| going Chapter, the Forces they require to re- 


tain them in thoſe Circles, ought to be to each 
other as their Diſtances from the Point G: That 
is, as GM, GC and GO. Conſequently the 
Point O, which for Diſtinction lake we will 
call the Nadir, requires a greater Force than 
the Center C; and the Center, a greater Force 
than the Point M, which we will call the Ze- 
nith, Now theſe Points are retained in thoſe 
Circles by the Moon at L, conſequently the 
Nadir which requires the moſt, is attracted the 
leaſt, as being fartheſt off; and the Lenith 
which requires 1 leaſt, being the neareſt, is 


| attracted the moſt ; that is, the Nadir is at- 


tracted too little, aud the Zenith too much: 
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The obvious Conſequence of which is, that the 
Water both in the Zenith and Nadir, will en- 
deavour to leave the Center C; or, in other 
Words, will loſe yore of its Weight. But the 


Water at N and P will have its Weight aug- 
mented, juſt as the Tendency of the Moon at 
L (in Fig. 42.) towards T was ſhewn to be 
augmented by the Action of the Sun at S. So 
that the Water at N and P will be heavier 
than an equal Quantity at Mor O. And con- 
ſequently the Surface of the Waters at N and 
P will ſubſide, and that at M and O will riſe, 
*till the Equilibrium be reſtored. On which 
Account, the Form of the Earth, or rather 
the Sea, will become an oblong Spheroid or 
Oval, as repreſented by N KM, in Fig. 49. 
whoſe longer Axis produced paſſes through the 
Moon at L. As therefore the Moon turns 
round the Earth once a Day, this Oval of Wa- 
ters turns with her, occaſioning thereby the 
two Floods and Ebbs obſervable in each 25 
Hours: or to ſpeak more accurately, the Oval 
of Waters keeps pace with the Moon in her 
Monthly Courſe, while the Earth in the mean 
Time, by its Rotation about its Axis, carries 
each part of its Surface from Ebb to Flood, 

and from Flood to Ebb continually. _ 
And as the Moon thus raiſes and depreſſes 
the Water, the Sun does the ſame; bur in a 
much leſs Degree, on Account of the ſmall 
Proportion the Semidiameter of the Earth bears 
to the yaſt Diſtance of the Sun; for, as was 
ſhewn 


- 
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ſhewn of the Moon, the Force of the Sun 
whereby it diſturbs her Motion, was propor- 
tionable to the Relation the Diſtance of the 
Moon from the Earth bears to that of the Sun 
from the ſame, which in the Caſe before us, is 
the Relation the Semidiameter of the Earth 


bears to the Diſtance of the Sun, which Rela- 


tion is very ſmall. 

When the Moon is in Conjunction or Oppo- 
ſition with the Sun, the Tides which each of 
them endeayours to raiſe are in the ſame Place, 
which is the Reaſon they are ſo large at thoſe 
Times. Whereas when the Moon is in the firſt 
or laſt Quarter, the Sun being in the Meridian 
when the Moon is in the Horizon, depreſſes the 
Water where the Moon raiſes it, on which Ac- 


count, the Tides are then (cæteris paribus) the 
leaſt of all. | 


On the full and new Moons, which happen 
about the Equinoxes, at which Time the Lu- 


minaries are both in the Equator or near it, the 


Tides are the greateſt of all, on the three fol- 
lowing Accounts; in the firſt Place, the two 
Eminences of Water are at the greateſt Diſtance 
from the Poles, and ſo the Difference between 
Ebb and Flood is more ſenſible; for if thoſe 
Eminences were at the Poles, its obvious we 
ſhould not perceive any Tide at all: Secondly, 
the equatorcal Diameter of the Earth produced 
paſſes through the Moon, which Diameter is 


longer than others, and ſo there is a greater 


Ditproportion between the Diſtances of the 
oy M m 2 Lenith, 
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Lenith, Center and Nadir, from the Center of 
Gravity of the Earth and Moon, than at other 
Times; Thirdly, the Water riſing higher in 
the open Seas, it ruſhes to. the Shores with 
greater Force, where being ſtopped, it riſes 
higher ſtill; for it not only riſes at the Shores 
in Proportion to the Height it riſes to in the 
open Seas, but alſo according to the Velocity 
it flows with from thence againſt the Shore, 
The Reaſon why the Spring Tides, which hap- 
pen a little before the vernal and after the au- 
tumnal Equinox, vis. in February and October 
are the greateſt, is becauſe the Sun is nearer 
the Earth in the Winter than in the Summer, 
and fo the Tides, which otherwiſe would be the 
greateſt at the Equinoxes, are fv, a little before 
the former, and as much after the latter. 


We have hitherto conſidered the Tides in 
general; we muſt now ſee what happens as to 
Places of different Latitudes. All which will 
be eaſily underſtood by the help of the 49th 
Figure: In which let AD repreſent the Earth 
e Center is T, the Poles P and O, this 
the South, the other the North Pole, EQ the 
Equator, and the Circles FH and KD two Pa- 
rallels of it, the laſt on the North Side of it, 
and the firſt on the South Side of it. Let the 
Fluid ſurrounding the Earth, form itſelf into 
an oblong Spheroid, whoſe longer Axis HK 
produced, paſſes through the Moon at L. The 
right Lines TK or TH, reckoning from the 


Center, 
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Center, will repreſent the greateſt Height of 
the Water, and ſuppoſing NM perpendicular 
to KH, TN or TM will denote the leaſt, and 
will repreſent the Height of the Water in all 
Parts of the Globe through which that Circle 
NM paſſes. The right Lines TE, TF, TQ 
and TD, ſuppoſing them drawn, will ſhew the 
Height of the Water in the reſpective Places 
E, F, Q and D. Let us now conſider a Place, 
which by the diurnal Motion of the Earth, 
deſcribes the Parallel KD: When this Place is 
at K, the Height of the Water TK, is the 
greateſt; that is, it is high Tide or Flood when 
the Moon L is in the Meridian; but afterwards 
in the ſame Place, the Height of the Water is 
the leaſt, when the Place is come to X, and 
again it is Flood when the Place is come to D. 
But becauſe TK is greater than TD, in the 
preſent Caſe when the Moon is on the North 
Side the Equator, the Height of the Sea will 
be greater, when the Moon is in that Part of 
| the Meridian which is aboye the Horizon, 
than when it is in that which is below it. Like- 
wiſe TH is greater than FF, and therefore in 
. a Place which lies under the Parallel FH, or 
- on the other Side the Line, the greateſt Height 
of Water that happens when the Moon is on 
that Side, is alſo when ſhe is in that Part of the 
Meridian that is above the Horizon of that 
Place. Hence it is, that the Moon in the Nor- 
thern Signs makes the greateſt Tides on our 
Side the Line, when ſhe is aboye the Earth ; 
| ana 
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and in the Southern Signs when ſhe is below 
it. But on Account of that libratory Motion 
of the Waters, by which they thus riſe and 
fall alternately, and which would continne ſome 
Time, although the Sun and Moon ſhould ceaſe 
to act, the Difference between thoſe Tides 
which happen when the Moon is aboye and 
below the Horizon, is not ſo great as it would 
otherwiſe be; and the higheſt Spring Tides 
are not exactly in the new and full Moons, but 
happen generally three or four Tides after 
them, and ſometimes later: Becauſe when the 
Luminaries come to act more forcibly than 
ordinary, as being in Conjunction or Oppoſition, - 
the Waters will librate backwards and forwards 
ſeveral Times, before they arrive at their great- 
eft Height. 

Things would he thus, if the Globe of the 
Earth were covered with Water of a ſufficient 
Depth, but the Continents which ſtop the Tide ; 
the Straights between them and the Iſlands, 
and the Shoalneſs of the Sea in ſome Places, 
which are Impediments to the free Courſe of 
the Water, cauſe many Exceptions to what has 
been laid down; and in particular, that even in 
the open Ocean the Time of high Water is 
not, when the Moon comes to the Meridian, 
but always ſome Hours after it. But to be 
particular in ſuch Circumſtances is not the De- 


Jign of this Treatiſe, See more in Philoſoph. 


| Tranſat. No. 226. However, there is one 


Thing, which becauſe I don't find it taken 
| Notice 
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Notice of by others, I ſhall juſt mention; and 
that is, that at both the Summer and Winter 
Solſtices, there ought to be but one Tide in 
24 Hours within the arctic and antarctic Circles; 
to 1 this, let KD be the Tropic of Cancer, 
and let the Sun and Moon be perpendicular 
over a Point of that Tropic, as at L: Then as 
obſerved before, there will be an Ebb at N, 
but becauſe NPK is a quarter of a Circle, N 
will be a Point of the arctic Circle, and the 
high Water under that Circle will be at A, 
the Point oppoſite to N; ſo there will be but 
one Flood and one Ebb in 24 Hours Time: 
5 as is obvious enough, the ſame will hap- 
1 in all Places within that Circle, except at 
275 Pole itſelf, where there is no Tide at all. 
The ſame T hings will alſo happen at the other 
Solſtice, when the Luminaries are in the Tro- 
pic of Capricorn. And in thoſe Parallels which 
lie between the abovementioned Circles and the 
Equator, cach Ebb will be nearer the Time of 
the leſſer Flood, than it will be to that of the 
greater. Thus, in the Parallel KD, the Ebbs 
will be at X, and in the Parallel PH at þ 
which Points are nearer to F and D the leſſer 
Heights of the Water, than to H and K the 
greater ones. The Reaſon it does not happen 
808 in this Manner, at leaſt not in Point of 
r is that Riſing and Falling or Libration 
aters mentioned above, by which the 
Ebbe and Floods of each Place are rendered 


leſs 
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leſs unequal than they ought, according to the 
Theory, to be. 9 5 8 


CHAP. XX. 
O the Figures of the Heavenly Bodies. 


HEREAS the Heavenly Bodies do | 
not conſiſt wholly of ſolid Matter, but 
arc in all probability partly fluid and partly fo- 
lid, like our Earth, or at leaft were fo at firſt; | 
thoſe which have no Motion about their Axes, 
if ſuch there be, will, fromthe mutual Gravi- 
ty and Attraction of their Parts among them- 
ſelves, ſettle into a ſpherical Form. But as to 
ſuch as revol ve about their Axes, all their Parts 
will endeayour to receed from the Axis of their 
Motion, and thereby the equatoreal Parts where 
the Motion is the quickeſt, will tend leſs to- 
wards the Center than the reſt; their Endea- 
vour to fly off from the Axis about which they 
revolve, taking off part of their Tendency that 
Way; ſo that thoſe Parts will become lighter 
than ſuch are nearer the Poles. The polar Parts 
therefore will preſs in towards the Center, and 
raiſe the equatoreal Parts, till the Quantity of 
Matter in the latter is ſo far increaſed, as to 
compenſate for its Lightneſs, and an Equili- 
brium be reſtored. On which W the 
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Form they will aſſume, will be that of an ob- 
late Spheroid, whoſe ſhorter Axis paſſes through 
the Poles. And cther Circumſtances remaining 
the ſame, the faſter the Bodies revolye, the 
more oblate or flat will their Form be; accord- 
ingly the Axis of the Planet Jupiter, which 
Planet turns round its Axis in leſs than 10 
Hours, is, as appears from the Obſervations of 
Mr. Flamſtead and Monſ. Caſſini, no greater 
with reſpe& to the Diameter of its Equator, 
than in the Proportion of ſeven to eight. 

By Virtue only of the Rotation of the Earth 
about its Axis, the Weight of Bodies at the 
Equator is leſs than at the Poles, in the Pro- 
portion of 288 to 289; that is, a Body which 
at the Poles would weigh 289 Pounds, would, 
if carried to the Equator, loſe by Virtue of the 
centrifugal Force alone, one Pound of its Weight, 
and ſo weigh but 288 Pounds. From hence 
ariſes, as obſeryed above, a ſpheroidical Form 
of the Earth, and from that ſpheroidical Form 
ariſes another Diminution of Gravity at the 
Equator, by which, if the Earth were homo- 
genious throughout, Bodies at the Equator 
would loſe one Pound in 1121, and ſo on both 
Accounts taken together, the Gravity of Bodies 
at the Poles would be to the fame at the Equa- 
tor as 230 to 229 (#). From whence, if we 

ſuppoſe 


( To calculate this, let ® ſuppoſe the Semidiameter of the 
Earth to be 19695539 Pari. Feet which on Account of the 
vat Difpncs on the Surface of the Earth Caſſui took in mea» 
0 Na | ſwing 
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ſuring it, Sir 1/azc Newton makes uſe of. Since then the Earth 
turns round its Axis in 23 Hours 56 Minutes and 4 Seconds, a 
Body at the Equator moves through 1436. 223 Feet in a Second: 
But the centrifugal Force of a Body revolving in a Circle is equal 
to the centripetal Force, which would be requiſite to retain it in 
that Circle, and the Space a Body would fall through in a Se- 
cond, by Virtùe of that centripetal Force, is by Chap. XVIII. 
Lemma 1. _ to the Square of the Arch deſcribed in a Second, 
divided by the Diameter of the Circle, that is, in the preſent 
Caſe to , 05 23 Feet, or 7,54064 Lines. Now the Space a Body 
falls through at Paris, by Virtue of the Gravity there, is 15 Feet 
1 Inch and 27; Lines, or 2174, 55 Lines, Therefore the cen- 
\ trifugal Force at the Equator is to the Gravity at Paris as 
2.54064 to 2174, 55 · But Bodies do not fall at Paris, by the 
whole Force of Gravity, or as they would do at the Poles of the 
Earth, becauſe they are in ſome Meaſure prevented by the cen- 
trifugal Force there. We muſt therefore compute how much 
that centrifugal Force is, and add it to their Gravity at Paris, 
to find what it is at the Poles. Which may thus be performed. 


Let EPO in Fig. 50. repreſent the Earth, PP its Poles, EQ 


its equatoreal Diameter. Let A repreſent any Point between the 
Equator and the Poles, and parallel to the equatoreal Diameter 
EQ draw the. Line AH, then will the centrifugal Force at E 
be to that at A as'the Radius EC, or which is very nearly the 
ſame, AC, to AH, Chap. XVIII. Prop. 3. for AH. is the Ra- 
dius of the, Circle the Point A deſcribes, while the Earth revolves 
about the Axis PP. But a Body at A is not thrown off. by 
Virtue of this centrifugal Force directly from the Center of the 
Earth, but from H along the Line HA produced. Let then 
AB repreſent that Force, which becauſe it does not tend directly 
from te Center, let it be reſolved into two others, viz. BN and 
AN; the former perpendicular to the Radius, the latter coinci- 
dent therewith: It is by this latter Force only that the Gravity 
of a Body at A is diminiſhed. But the centrifugal Force at the 
Equator was ſhewn'to be to that other Forte along the Line AB, 
as AC to AH, and that other is to the Force along AN as AB to 
AN, which becauſe of the ſimilar Triangl ABN. and ACH 
is alſo as AC to AH, therefore the centripetal Force at the 
Equator is to that at A; fo far as it diminiſhes the Gravity of 
Bodies there, as Ad to AHA; that is, becauſe AH is the Co- 
fine of Latitude of the Place A, as the Square of the Radius to 
the Square of the Co- ſine of the Latitude of the Place where 
the Body is. Now the Latitude of Paris is 48 Degrees and 50 
Minutes, the centrifugal Force therefore at the Equator is to that 
. | . I at 
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ſuppoſe the Gravity of Bodies within the Earth 
to be directly as their Diſtance from the Center, 
as it was ſhewn to be in Part I. Chap. 3. 18. 
thoſe Numbers will alſo expreſs the Relation 


between its polar and equatoreal Diameter (). 
| This 


at Paris, as the Square of the Radius to the Square of the Co- 
fine of that Latitude, that is, as 7,540 64 Lines to 3,267. Add 
this to 2174,055 the Gravity by which Bodies deſcend at Paris, 
and we have 2177, 322 for the Gravity they fall with at the 
Poles : Which Number is to 7,540 the centrifugal Force at the 
Equator, as 289 to 1.- So that the Gravity at the Poles is to 
the Gravity at the Equator, ſo far as it is diminiſhed in this lat- 
ter Place by the Rotation of the Earth about its Axis, in the 
Proportion of 289 to 288. But this is not all: For it may be 
gathered, from what Sir 1ſaac Newton has demonſtrated in his 
Principia, Book I. Sect. 13. where he treats of the attractive 
Forces of Bodies not ſpherical, (though by a tedious and intricate 
Calculation too long to be inſerted here) that ſuppoſing the Earth 
to be an oblate Spheroid, ſuch as we ſhall determine by and by, 
and homogenequs throughout, a Body at the Poles even when the 
Earth is at Reſt, would be heavier than the ſame at the Equator 
in the Proportion of about 1121 to 1120. The Weight of a 
Body therefore at the Poles, when the Earth revolves about its 
Axis, is to the Weight of the ſame at the Equator, in a Pro- 
portion compounded of 289 to 288, and 1121 to 1120; that 
is, in the Proportion of 230 to 229. 
NM B. A Line is the 12th Part of an Inch. 

(o To ſhew this, call an equatoreal Column extended from 
the Surface to the Center, ; and a polar Column, x; and call 
the Force of Gravity at the Equator, p : then from what was juſt 
obſerved in the foregoing Note, ſuppoſing the Earth to be at 
Reſt, the Force of Gravity at the Poles will be ah . becauſe 


1120 
11219 n 
11207 nie : and becauſe the Gravity of a Co- 


lumn if it be equally heavy in all Parts, is equal to the Force 

of Gravity multiplied by the Contents of the Column, the 

Weight of an equatoreal Column of Matter, if as heavy in all 

Parts as at the Surface, would, ſuppoſing the Earth to be at Reſt, 

pe qual to 7 n r, that is, pr; and the Gravity of a 
n 2 


polar 
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This is upon a Suppoſition that the Earth was 
at firſt fluid, or a Des, having its ſolid and 
fluid Parts confuſedly mixed together; but if 
we ſuppoſe it at firſt partly fluid and partly 
dry, as it now is, ſince we find that the Land 


polar Column would for the ſame Reaſon be — . but where. 


as if we ſuppoſe the Force of Attraction pads: as the Squares 
of the Diſtances. the Gravity of Bodies within the Earth will 
decreaſe as we to the Center, Part I. Chap. 3. $ 8. where 
it terminates in * the Weights of the above-mentioned 
Columns len rmly therewith, will be but half what 


we made them before, that is, E and frz. Call the centri- 


fugal Force at the Equator, 1; then ſince the centrifugal Force 
decreaſes alſo as we approach the Center, and there terminates 


in me. the centrifugal-Force od a whole Column of Matter 
will be —. Take this away from © , the Weight of that Co- 


jan wh hank bm Nic tel rela uy 
be the Weight of the fame when it moves. But n nn 


Equilibrium of Parts, this Weight muſt be equal to Tre 


which was ſhewn to be the Weight of a Column at the Poles. 


— 1121px 
Which gives us this rene — * _— 


Multiplying: by 2, we have 7 — 2 


1120 


wanne by 1120, eg 11D 11 


Which gives ws mi, Equation r: X :: liz: N 1120. 
But av was determined in the 

foregoing Nee. p1s 2 28 

289 to 1 utting there-C * 

— thoſe Numbers for OG 7 A 

and n, in the laſt Step, we 9 | 

ſhall have | 


That is, the equatoreal Semidiameter i is to the * one, as 230 
229. Which was to be ſhewn. 


18 


— — 
— ũàMß— — ts. Oe — 


Chap. XX. of the Heavenly Bodies. 279 


is very nearly of the ſame Figure with the Sea, 
except raiſed a little to prevent its being over- 
flowed, the Earth muſt ftill be of the ſame 
Form; for otherwiſe the major Part of the 
Water would flow towards the Equator, and 
ſpread itſelf like an Inundation over all the 
Land in thoſe Parts, 
The ſpheroidical Figure of the Earth is 
greatly confirmed by Obſervations made with 
Pendulum Clocks, at different Diſtances from 
the Equator. Firſt of all Monſ. Richer in the 
Year 1672, when at the Iſland Cayenne, found 
that his Clock, which at Paris kept true Time, 
now loſt 2 Minutes and 28 Seconds every Day. 
Dr. Halley going to the Iſland St. Helmma in 
the Year 1677, was obliged to ſhorten the Pen- 
dulum of his Clock one cighth part of an Inch. 
With many others, all which compared together 
make it appear that a Pendulum at the Equator 
that ſwings Seconds, ought to be about one 
ſixth Part of an Inch ſhorter than at Paris; 
from whence it appears that the Difference be- 
tween the Gravity at the Poles and at the E- 
uator, is almoſt twice as great as what ariſes 
om the Rotation of the Earth about its Axis, 
and its ſpheroidical Form put together (p). 
And therefore the Difference between the equa- 
toreal and polar Diameter muſt be ſo too 
From 
2 neg obo Belp woll Al Ut ine . 
as being equal to an eighth Part of that 5 t I. Chap. 6. 


Prop. 10. And the Space a Body wou through in a Se- 
cond, is proportionable to the Force by which it falls ; conſe- 


quently 
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From hence it is probable, that the Parts of 
the Earth which lie near the Center, may be 
denſer than ſuch as lie nearer the Surface. For 
on this Suppoſition, and not otherwiſe, is it ac- 
countable, that the Gravity at the Equator 
diſcoverable by Pendulums, and that which 
ariſes from the aboye-mentioned'Cauſes, ſhould 
be ſo different (3). VT 80 


quently the Length of a pendu um ſwinging Seconds under the 
Equator ought to be to the Length of ons that ſhall ſwing Se- 
conds under the Pole, as the Gravities in thoſe Places are to each 
other : That is, as 229 to 230. The Length of a 8 
therefore under the Equator, deing 38 Flies, (as being 
Lines ſhorter than ont at Paris the Length af one at — Poles 
ſhould be 440,4 Lines; that. is, it ought. to be but 1,9 Line 
longer than the former. Whereas it is found by the Obſervations 
abovementioned, that the Diffetence — a Pendulum in 
the Latitude of Paris, and one — the Equator; is as much as 
| that, or rather more; and conſequently [the Ander between 

one at the Equator and one at ce Pets d be almoſt twice as 
much; there being almoſt as much Diſh ts between a Pendu- 
lum at the Poles and at Pai, às between one at Paris and the 

Equator: And conſequently hs Dimipution of Gravity is almoſt 
twice as much as that ahi ties from the Rotation of the Earth 
about its Axis, and its ſpheroidial Form put together.. 

(9) 1f the Earth be more aal K. 2 Center than near the 

80 ce, we may conſider Redundancy of Matter near the 
Center over and above what there would be 2 was the Earth 
of uniform Denſity, apart, and as a ſeparate Body from the reſt, 
then upon Account of theſpheroidical orm of the Farth, a Body 
at the Poles is nearer to this redundant Matter than at the Equa- 
tor, therefore in removing 23 Body from the Poles to the Equator, 
Its Gravity .lo far as it depends on the Attraction of this redun- 
dant Matter, that is, that Part of its Gravity which is owing to 
that Attraction, is diminiſhed: The whole Gravity of the Body 
is leſs therefore at the Equator than at the Poles, As therefore 
the Pendulum diſcovers a greater Difference of Gravity than ari- 
ſe: from the Rotation of the Earth about its Axis, and the ſphe- 
roidical Form of it conſidered as homogeneous, put together, it is 
very probable that the Earth is more denſe at the Center than at 
the Surface. 


as 
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So that upon the whole, Bodies are lighter 
at the Equator. than at the Poles, on a three- 
fold Account. Firſt, by the centrifugal Force 
there, in the Proportion of 289 to 288: Second- 
ly, on Account of the ſpheroidical Form of the 
Earth, or its Flatneſs at the Poles, in the Pro- 
portion of 1121 to 1120; and laſtly on Ac- 
count of the greater Denſity of the Earth at 
the Center, but in a Proportion not yet ſuffi- 
ciently determined, for want of knowing the 
exact Length of a Pendulum that ſwings Se- 
conds at the Poles. SES: 
The greater warmth of the Air near the E- 
quator, increaſes the Length of a Pendulum 
by Rarefaction, on which Account alone, it 
would be neceſſary to ſhorten it at the Equator ; 
but this, as may be gathered from the Obſer- 
vations. of Pitcairn and De la Hire, cannot be 
between this Latitude and the Equator above 
one fortieth part of an Inch; for as De la Hire 
obſerved, there was but two third Parts of a 


Line Difference between an Iron Rod ſix Feet 


long, expoſed to the Froſt and the Summer's 
Sun. Beſides, this is allowed for above, in 
ſaying that a Pendulum ought to be ihortned 
but one ſixth part of an Inch, 


It follows from hence, that the Tendency of 


heavy Bodies upon the Surface of the Earth, 
except at the Equator and the Poles, is not 
towards the Center of the Earth, but towards 
a Point between that and the Equator, T 15 
13 et 
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let EPQ in Fig. 5 o. repreſent the Earth, P 
its Poles, EQ its e Diameter. The 


Tendency of a Body as A, upon the Surface 
of the Earth, ae" E and P, will not be 


towards C, but along the Line AD which 
croſſes the equatoreal Diameter in a "um nearer 
the Body than the Point C is (). 


Another Conſequence of the ſpheroidical 
Form of the Earth is, that as you go from the 
r Parts to the equatoreal, the Degrees upon 
the Surface of the Earth grow lcls and leis; 


N the Point D. ſay as EC ic to AH; that is, 2s 
the Radius is to the Co-ſine of the Angle of the Latitude of the 
Place A, ſo is the centrifugal Force at E, to a fourth Number, 
which will expreſs the Force at A in the Direction 
AB. Produce therefore the Line HA to B, till AB be of ſuch 
— _ it may bear the ſame Proportion to AC, that the 

found fins 69 Gravity upon the Surface of the Earth. 

Cemplene 4 Tanllelepem  ABCD, and D will 'be the Point 
ſought, and the Tendency of an heavy Body will be along the 
* AD. Thus ſuppoſe it required to find the Direction in 
heavy Bodies tend eee th Earch in at tho Latizade of 

Degrees 6 Minutes. Since the centri Force at the 
13 as hn above, bears that Pro 1 the Force of 
Gravity, which 1 does to 289, let us take thoſe Numbers (or 
which will do as well, _— rtionable 
to them) the former to expreſs the centri 7 Force ge a Body 
at the Equator, and the latter the Force of Gravity. Then ſay, 
as the Radius is to the Co-fine of 51 46 Minutes, * 
to a fourth Number, which will de found 618. This Quantity 
is therefore to Gravity as ,618 to 289. Therefore AB or its 
equal CD is to AC in that Proportion. But the Proportion be- 
eween CD and AC being known, and the Angle at C the Lati- 
tude of the Place, wiz. 51 46 Minutes being given, the 
Angle CAD will be found about 5 Minutes, which is the Mea- 
ſure of the Deviation of the Line of Direction of heavy Bodies 
ta that Latitude, from a e Earth. 


that 
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that is, a Degree meaſured upon the Meridian 
near the Poles, contains more Miles than the 
ſame meaſured near the Equator. The Reaſon 
of this is, that, as appears by Inſpection of the 
Figure, an Arch near the Poles comes nearer to 
a ſtraight Line; that is, it is leſs curved than 
one near the Equator ; the former is therefore 
an Arch of a larger Circle than the latter ; but 
the larger the Circle, the larger are the Degrees 
meaſured upon its Circumference. For in going 
from P towards E, we are not to imagine our- 
{elves upon the Circumference of a Circle 
whoſe Center is C, but to paſs continually from 
one Arch to another, which Arches are Portions 
of different Circles, the Centers of which ap- 


proach, as the Arches themſelves become more 
curved. 


As the Waters of the Earth by Virtue of 
the Attraction of the Moon, and the Revolu- 
tion of the Earth about the common Center of 
Gravity of that and the Moon, were ſhewn 
in Chapter the laſt, to op on the Form of an 
oblong Spheroid, whoſe Axis produced paſſes 
through the Moon; ſo in like manner, if we 
conſider the Moon as we have now done the 
Earth, we ſhall find, that as ſhe turns round 
her Axis in the fame Time ſhe turns round the 
Earth, and therefore has nearly the ſame Side 
always towards the Earth, her Figure is that 
of an oblong Spheroid, whoſe longer Axis 
points to the Earth ; thoſe Parts which lie next 

O 0 the 
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the Earth being attracted too much, and alſo 
having too ſmall a centrifugal Force; and thoſe 
on the contrary, which lie on the oppoſite Side 
of her being attracted too little, and having a 
centrifugal Force too great; which for the 
Reaſons given in the above-mentioned Place, 
will neceffarily give her that Form. 

Her Revolution about herAxis would, as in 
the Earth, give her a contrary Figure, but it 


is fo very ſlow, that it is without any ſenſible 
Effect. 


Material ERRAT A in Part III and IV. 


'P . a 
Page 164 Line 2 for ſuppoſed, read diſpoſed. 
3 T- IV. 
Page Line Inftead of | Read 
both the Sun an 

22 — 23 — agg un ( the Earth, or round 

4 * 28 1 of them 
34 — 18 — Fig. 2. _ " "Fs. 3. 
34 — 32 — XV. — XVI. 
43 — 2 — Side — Side of the Equator 
48 — 29 — XIV. — XVI. 
88 ˙ — 11 — can- age cannot 
3 (4) 3 
114 — 4 — Horizon — Heavens 
114 — 22 — Semidiameter — a Semidiameter 
119 — 29 — VIII. — VII. 
122 — 27 — Refraction _ Reflection 
140 — 14 — when — from the Place where 
141. — 29 — Juvinum — Juviſium, 
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. ANN Us MAG NUS, what, 
AC don 1c Al Riſing and | P. IV. p. 57. 
+ Setting of the Stars. | ANOMALY, what. P. IV. 
Part IV. page 145. p. 49. 
ACTION, its Equality to Re- | ANTARCT1cC Pole, what; 
action ſhewn. P. I. p. 22. Circles, what. P. IV. p. 
AiR, defined; its Preſſure; 135. 
its Elaſticity; capable of be- | ANTICEDENTIA, what. P. 
ing contracted by Preſſure; | IV. p. 56. 
irs Elaſticity augmented by | ANTIPODEs, what, P. IV. 
Heat ; its Neceflity for the | p. 137. 
Preſervation of Life. P. II. Ax TOoECI, what. P. IV. 
p. 3341. P. 137 | 
ERA, what. P. IV. p. 200. | APHEL1ION, what. P. IV. 
The ſeveral Sorts of them. p. 48. 
P. IV. p. 201. APoGEON, what. P. IV. 
Ard A, the Cauſe of its vo- | p. 48. 
miting up Flames. P. II. | ArrAREZNT DisTANCE, Dr. 


— —— D - — 


p. 144. in the Notes. Ba RR Os Difficulty about 
ALT1TUTE of a Star, what. it ſolved. P. III. p. 81. 

P. IV. 1 APPARENT Moro, the 
Aurhiscn, what. P. IV. apparent annual Motion of 

p. 136. the Sun accounted for. P. 


AMPLITUDE of aStar, what; IV. p. 35 Another Way 
riſing and ſetting Amplitude, | of accounting for the ſame. 
what, P. IV. p. 140. P. IV. p. 44. in the Notes. 
ANNUAL Parallax of the — Of Mercury and Venus ac- 
Earth, what. P. IV. p.52.' counted for, P. IV. p. 85 


N 


—Of Mars, Fupiter and Sa- 

turn accounted for. P. IV. 
p. 66. 

—Of Jupiter and Saturn's 
Satellites accounted for. 
IV. p. 93. 

ArPARIT ION, Circles of per- 
417 Apparition, what. N 

V. p. 144. 

APPEARANCE of Bodies 2 
through Media of different 
Forms. P. III. p. 72—85. 

— Of Bodies ſeen bs Light re- 
flected from x ir and ſphe- 


rical Surfaces. P. III. p-118 | 


133. 


Arctic Poles, what; Cir- 


cles, what. P. IV. p. 135. 

AREAs, deſcribed by revolv- 
ing Bodies proportionable to 
the Times. P. I. p. 46: 

AsC11, what. P. IV. p. 136. 

ASCENSION, Circles ef it, 
what. P. IV. p. 133. 
Right Aſcenſion, what, EF; 
IV. p. 132. 


Oblique Aſcenſion, what, 


F. IV. p.i43. 
AscENs O NAL le 
what. P. IV. p. 143. 
AscEx T of Fluids in Capilla- 
ry Tubes. P. II. p. 57 —72. 
—— Of Vapouts, not ſuſſicient- 
ly accounted for. Various 


Opinions concerning them 


examined and confuted. P. 
II. p. 130. 
ATMOSPHERE, what. P. II. 


P. 33- 
* Height. P. II. p. 39. 


That its Height may be de- 


termined by the Duration! 


P. 


9 


| ATTRACTION, diſtingui 


—_ 


lAUuRUM FULMINANS, 


of the Twilight, an erro- 
neous Opinion. P.IV. p. 
12 1. in the Notes. 
Without it all Parts of the 
Heavens, even in Spite of 
Sunſhine, would be quite 
dark. P. IV. p. 120. 
The heavenly Bodies appear 
elevated by the Refraction 
of it. P. III. p. 75. and 


F. ere. 
ſh'd 


into Coheſion and Gravita- 
tion; each Kind proved 
from Facts; its Laws and 
Manner of Action. P. I. 

p. 12—18. 

Arguments to ew, that the 
Planets are retained in their 

Orbits thereby. P. IV. p. 
247. 

Demonſtrated, not to be a 
mechanical Cauſe. Preface, 
Note b. 

AURORA BoREAL Is, a full 

Account of that remarkable 

one, which was ſeen March 

6, 1715; the general Phæ- 
nomena of it; a Solution of 
each Phenomenon of it; 
Cote's, Halley's, Mairan's, 

. Mater's Solutions of it. No- 
tice taken of it by Pliny, 
Seneca and Ariftotle, P. II. 
p. 1479 —169. ; 

its 
Compoſition and Effects. 
P. II. p. 145. in the Notes. 


| Tun Avrhonx, his Barome- 


ter, .in which the Scale of 
Variation is infinite. P. II. 


p. 105. Another of the 
Author's 


* XX. © # X 


Author's, in which the 


Scale is alſo infinite, P. II. 


e 

Axis of the Earth, what. 
P. IV. p. 130. 

The Inclination of the Axis 
of the Sun, and of ſome of 


the Planets to the Plane of 


the Ecliptic. P. IV. p. 16. 
in the Notes. 


Situation of the Moon's 
Axis. P. IV. p. 19. 


— Of the Earth, not always 


Parallel to itſelf. P. IV. 


p. 53. 

AZIMUTH, what. P. IV. 
p. 138. Fig. 
— Of a Star, what. P. IV. 

p. 140. 


B. 


PAzonzTER, its Conſtruc- | 


tion. P. IV. p. 34. 
Linus, his Hypotheſis about 
. P. II. p. 86. 


Hugens, his Experiment 
with a Tube 75 Inches long. 
P. II. p. 87. 


Its Uſe in determining the 


Height of Mountains. P. 


II. p. 88. 
Its de in forctelling the 
Alteration of the Weather. 


P. II. p. 88. 
The Reaſbn of its being low 
a windy Weather. P. II. 


P- 92. 
Leibnitz's Hypotheſis con- 
futed. P. II. p. 95. 
Patric's Obſervations on 
the Riſing and Falling of it 


commended, P. II. p. 96. 


| 


Tranſparency, 


Des Cartes's, his Barometer, 
.I. p. 100. 

Horizontal or rectangular 
Barometer, P. II. p- 101. 
Diagonal "bro F. II. 
p. 101. 

Roots Wheel Barometer. 
P. II. p. $03. 

Hloos's Marine Barometer, 
P. II. p. 10 

The Author's Barometer, 
in which the Scale of Varia- 
tion is infinite. P. II. p. 
105. 

Another of the Author 8 
in which the Scale of Va- 
riation is alſo infinite. P. II. 
p. 110. 


Portable Barometer. P. II. 


P. 113. 


BLACKNESS, the Abſence of 


all Colour. P. III. p. 143. 


Bop, ” ellential Properties. 


P. I. 

The Qualifications in Bodies 
neceſſary to diſpoſe them to 
reflect Rays of 7 Co- 
lours, P. III. p. 174. 

Sir Jaac Newton's Conjec- 
ture about its conſtituent 
Particles. P. III. p. 153. 
Cauſes of its Opacity and 
. 
I | 
Lighter at the Equator of 
the Earth than at the Poles, 
on a threefold Account. P. 


IV. p. 281. 


Dr. BotrHaave, his No- 


tion of Fermentation. P. 


II. p. 175. 


BRENHOES, 


BREASES from the Sea in| 


warm Weather, accounted 


for. P. II. p. 128. 


| C. 

eggs Julius Cæ- 

ſar's Reformation of it. 
F. IV... vp. #86, - | 

Pope Gregory, his Altera- 
tion of it. P. IV. p. 190. 

Canctas, Tropic of it, what. 
P. IV. p. 135. 

CariIrAR Tubes, what; 
. their Phænomena ſhewn to 
be owing to the Attraction 
of Coheſion; the Abſurdity 
of a Fluid being made to 
circulate by Virtue of a Ca- 
pillary Tube. P. II. p. 
. 

CarRIcoRN, Tropic of it, 
what. P. IV. p. 135. 

CARDINAL Points, what. P. 
IV. p. 139. 

Des CaR TES, his Opinion 
of the Horizontal Moon. 
P. III. p. 87. 

CARTES!AN Notion of Va- 
oo confuted, P. II. 

p. 130. | 
Notion of Light confuted. 
P. III. p. 8. 

8 of Gravity, what. 

1 
1 3 what. P. I. 


—of P. L 
P. A. 
1 ſcillation, what. P. I. 


33. How determined, 
ppendix to Part J. 


fotion, what. 


| 


„ 


Of ee „ What, and! 


* 


1 


how determined. Appendix 
to Part IJ. 
CENTRIPETAL and Centri- 
fugal Forces, their 7 "0h 
explained, P. I. p. 43. 
The Effects of . largely 
ſet forth _ demonſtrated. 
P. IV. p to the End. 
mera ore ; leſs; paral- 
lel ; the Poles of it; Axis 
of it; Secondary of it; 
fixed; moveable; of Af. 
cenſion and Declination ; 
Hour Circle; tropic and 
polar Circles; arctic and 
antarctic; vertical; of per- 
petual Apparition, and - 
petual Occultation. P. IV. 
p. 125—146. 0 
The exact Adjuſtment be- 
tween a projectile and cen- 
tral Force, neceſſary that a 
revolving Body ſhould be 


retained therein, P. IV, 
p. 210. 
CLiMATEs, what. P. IV. 
P. 144. Ce 
CoHES1ON, 3 of it, 
what, P. J. 
The Proof * a of 3 it, 
I. Þ. 13. 
Not. a mechanical Cauſe. 
Preface, Note b. 


CoLours, the Cauſe of the 
Variety of them. . III. 
p, 141. ä 
The Qualifications in Bodies 
which diſpoſe them to re- 
flet Rays of different Co- 
lours, P. Il. p. 147 —153. 


Comers, their Nature and 


Motion ; the Opinion of 
the 


1 * D E A. 


the Ancients concerning 
them; their apparent Mo- 
tions e for; the 
Form of their Tails ; Sir 
Iſaac Newton' 8 Opinion 
concerning their Tails; a 
Conjecture of the Author's 
concerning them; the Me- 
thod of inveſtigatin their 
apparent Courſes. . 


p. 98—112. 


Carrvscur bn, or Tiligbt, 


accounted for. P. IV. p. 
121. . 
That the Height of the At- 


moſphere may be determined 
by it, an erroneous Notion. 
P. IV. p. 121. inthe Notes. 
CnroxoLoGy, the Flements 
of it. P. IV. p. 178—202. 


IV.] CuLminaTIon of a Star, 


what, P. IV. p. 139. 


The Form and Poſition of CycLzs, the ſeveral Sorts of 


their Orbits. P. IV. p. 22. 
COMMUNICATION of Mo- 
tion, in Bodies not elaſtic. 


P. I. p. 50. 
In Bodies elaſtic. P. i 


p. 53. 

ee the Points of it, 
what. P. IV. p. 139. 

ConuncTtion inferior and 
. what. P. IV. 
p-. 5 | 

ConszqQuaenTia, Motion in 
it, what. P. IV. p. 56. 

e what, 
P. IV. 

H ave forfaken their former 
Places. P.IV. p. 56. 
CopERNICcan Syſtem, de- 
ſcribed. P. IV. p. 12. De- 
fended, P. IV. p. 22. in 

the Notes. 

Cor ERNIcus, his Prophecy 
concerning the Phaſes of 
Jenus. P. IV. p. 65. in 
the Notes. 

Cos uic A Riſing and Setting 
of the Stars. P. IV. p. 145. 

Cor Es, his Solution of the 


Aurora Borealis. P. II. p. 


—— — — 


158. 
D 


them. P. IV. p. 193. 


D. 
DAxs and Nights, their 
Variety in Point of 
Length accounted for, Þ 
IV. p. 37. 
Of the ek, whence their 
Names. P. IV. p. 184. 
D#&crinATION, what. 
IV. P · 132. 
DEGREE, the Ninetieth, 


what. P. IV. p. 140. 
At the Poles lar ger r than at 
the Equator. P. IV. p. 282. 


DEPRESSION ofaStar, what. 
P. IV. p. 139. 

Des CANTER his Barome- 
ter. F. II, p, 108. 

Dr. Dreccvirans, his Opi- 

nion concerning the For- 
mation and Aſcent of Va- 
pour, examined. P. II. 
. 

Dxsckxx of Bodies on oblique 
Fand. P. I. p. 8. 
DE w, the Re of the 
Rainbow ſeen init, P. III. 

p. 208. 


Draco AL. 


I D E x. 


Draconar Barometer, de- 
ſcribed. P. II. p. 101. 
DIAMETERS of the Sun and 
primary Planets, P. IV. 

p. 14. 

DiFFERENCE, aſſentional, 
what, P. IV. p. 143. 
Dis r ance of an Object, how 
judged of by the Eye. P. 

III. p. 70. 
—Of the Sun and primary 
Fades. P, IV. p. 143, 
—Of the Moon from the 
Earth. P. IV. p. 19. 
—Of the Satellites of Jupiter 
and Saturn from their Cen- 
ters. P. IV. p. 19. 
Divisizitir u of Matter, 
the Meaning of its Infinity 
explained : its Infinity de- 
monſtrated; how far Mat- 


ter is actually diviſible, con- 


ſider' d. P. I. p. 7—9. 
DivRnar Motion of the 
heavenly Bodies, accounted 
.. 
DocrRINE of the Sphere, 
treated of. P. IV. p. 125— 
146. 2 
Domtnitar or Sunday Let- 
ter, on what its Alteration 
is founded, P. IV. p. 194. 
DgAcos's Head and Tail, 
what. P. IV. p. 76. 


8 
EAxrn, its Axis, what; 
its Poles, what. P. IV. 
p. 130. 
The Poſſibility of its being 
inhabited quite round. P. 
„ 


| 


FA 


Its Diameter ; Diſtancefrom 
theSun its periodical Time 
and Rotation about its Axis, 
P. IV. p. 14. in the Notes. 
Its annual Parallax, what. 
. p. 56. 
Its Axis not always paral- 
lel to itſelf. P. IV. p. 53. 
The Method of meaſuring 
its Circumference. P. IV. 
5 140. in the Notes. 
ts Form, that of an oblate 
Spheroid. P. IV. p. 274. 
Its ſpheroidical Figure con- 
firmed by Pendulums. P. 
. ee | 
That it is more denſe at the 
Center than at the Surface, 
probable. P. IV. p. 280. 
Bodies lighter at the Equa- 
tor of it than at the Pole on 
a threefold Account. P. IV. 
p. 281. 0 
EASTER, the Rule for finding 
it explained. P. IV. p. 197. 
Ez BIN G and Flowing of the 
Sea, accounted for. P. IV. 
56. | 
Echo, the Nature of it ex- 
plained, P. II. p. 52. 
EcLrysEs of the Sun and 
Moon, with their ſeveral 
Circumſtances, accounted 
for. P. IV. p. 86—93. 
Of Jupiter and Saturn's Sa- 
tellites, P. IV. p. 93. 
Ecrirric, what. . IV. 
p. 36 and 127; its Axis, 
what; its Poles, what; its 
Secondaries, what; Signs 


of it, what. P. IV. p. 
127 and 128. 
ELASTICITY 


LI of the Air. 
P. II. p. 36. 
Erzergleirv: the Proper- 
ties of it. P. I. p. 18. 
ELEVATION of the Pole, 
what, P. IV. p. 140. 
ELL1Ps1s, deſcribed. NIV. 
p. 17. in the Notes. 
ELoNGATI1oN, what. P. IV. 


6 

Erocg, what. P. IV. p. 
200. 

e of a Planet, what. 

IV. p. 40. 
EqQuaToOR, what. P. IV. 
p. 130. | 

EqQuinocTIAL, what. P. 
IV. p. 132. 

Points, what. P. IV. p. 
5 2 and 132. 

— points, their Proceſſion, 
what. P. IV. p. 52. 

— Points, their Proceſſion, 
accounted for, P. IV. p. 
265. 

—Colure, what. P. IV. p. 
46. | 

ESU TH" Properties of 
Body. P. I. p. 7. 


EXCENTRICITY, what.* P. 


IV. p. 17. in the Notes. 
—Of the Moon's Orbit. P. 
IV. p. 19. in the Notes. 


How great in the Orbit of | 


Planet. P. IV. 
Notes, 


each prima 
p-. 18. in the 


ExrENSsION, à Property of 


Body. P. I. p. 7. 
"= the Deſcription of it. 

III. p. 5355- 
Why blind with ReſpeR to 
Objects placed before it in 


D 2 


INDE X. 


F 


FERMENTATION, 


i 
| 


[ P. 203. 


a certain Point. P. III. 


| . 69. 


F. 
ALLING Bodies, their 
Phæ nomena accounted for, 
P. I. p88; 
from 
whence it ariſes; the Opi- 
nions of Friend, Keill md 
Boerhaave about it ; the 


Manner in which it is to be 


accounted for, P. II. p. 
1797 17 

FiGvreEs of the Nn Bo- 
dies. P. IV. p. 274. 


Fir s of eaſy Reſlection and 


Tranſmiſſion, not the Cauſe 
of the Reflection of Light. 
P. III. p. 163. 

FL Aus, why vomited up by 
burning Mountains. P. II. 
P. 144. 

FLORENTINE Experiment. 
P. I. p. 7. in the Notes. 

l the Nature of it. 
P. II. | 

Frolps, hoy they act upon 
each other by their Preſſure; 
how upon Solids. P. II. 
Kar Reſiſtance. P. II. 


p. 41. 
The Abſurdity of their be- 
ing made to circulate by 
means of a Capillary Tube. 
P. IV. p. 71. in the Notes, 
Forces neceſſary to retain 
revolving Bodies in circular 


and other Orbits. Fa IV. 


ik 
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E a. 9 A 


8 4 


Ar 555 Des Cartes 85 
Varenius's, Marriot's, and 


. Halley's Opinion of them. 


P. II. p. 73-76. 'R 
Their Reciprocation ac- 


counted for. P. II. p. 81. 
Frrcr Zone,. what, P. 
Wi Alber 1 


A 
G4 of the Horizontal Moon. 
P. III. p. 87. 
EOCENTRIC. Latitude; 
what. B. IV. p 62. i 
Grongs, their Deſcription 
and Uſe, P: IV. p. 147. 


Problems on them. P. IV. 


p. 161-178. 
OLDEN Number, 


what, P. | 
IV. p. 197. | 


RAVITATION of Matter, | 


its, Laws and Manner of 
acting, the Senſe in which | 
the Word is uſed 
12 E. I. p. 12—17. 
etmonſtrated not to be a 
mechanical Date Ergee, 
Wote 5. 557 $; 
Gn Y, cif, what. 
P., II. P. 2 wo 21010 
Gan 
mat ion of the Calendar. P. 


A. ago. N 


th f 


x * 7 Orig in; | 


5SENDUS, bis Opinion 


in Philoſo 


ope) bis Refor- |. 


be 


' the Winds, B. Il. p. 116. 
33 the Noten. 

is Solution of the Azrora 
Borealis, P. II. p. 160. 


Harpnn in ies, the 


> as of it accounted for, 
94 1 


NA lon, accounted 
for by the Globe, P. IV. 

p. 168. 

Ek of the Sun. Shy not 
the greateſt when the Sun is 
moſt elevated. P. IV. p. 51. 

HEAVENLV Bodies, the phy- 

ſical Cauſe of their Motions, 

P. IV. p. 303274. 

| Their Figures. P. IV. p. 

274. 

Heavens, the Poles of them, 
what, P. IV. p. 130. 
'Hzavy Bodies, their Ten- 
dency not towards the Cen- 
ter of the Earth, except at 
the Equator and the Poles. 

P. IV. p. 381. 

HeriacaL Riſing and Setting 
of the Stars. P. IV. p- 145. 

HzTiocgnr RI Latitude, 

what. P. IV. p. 62. 

HEMISPHERES, northern 

. and ſouthern, what. P. IV. 

AER. 5 

HERMETICALL Y ſealed, 
What. P. IL p. 100. in 
the Notes. 

| HETEROSC11, what. P. IV. 


p. 136, 


— — 


4 ü 
H | 
1 
j — » 
t N. 1 


11, the Cauſe of it. 52 
II. p. 141. 


1125 


Dr. HALLE, his Hiſtory of | 


| Dr. Hookx's BAER Barome- 


| ter deſcribed, P. II. p. 103. 
Hox1zon, ſenſible. and ratio- 
nal, what. P. IV. p. 138. 


Hor1zONTAL 


1 N D E X. 


HokizonTAL Barometer, 1 
deſcribed. P. II. p. 101. 

— Moon, Des 715 8, Gaſ- 
ſendus's, Hobb's, De Veils 


and Walliss Opinion of i it; ;| 


the Author's Thoughts con- 
N it. P. III. p. 87— 


Hook Circles, what. P. IV. 


p. 134. 
HuGEtns, his Experiment | 
of filling a Tube 75 Inches 


long with Mercury. P. II. | 


| 


Pe. 87. 
A renee; lucid Spot, In 


diſcovered in the Heaven b 
him. P. IV. p. 29. in the 
Notes. 


' HyprostATICAL Balance, 


its Uſe. 
the Notes. 


HypROSTATICS, the Intent 
of it. P. N. p. 4. 


I. 


n 


IN. Apsis, what. P. IV. 


p. 49. 

IMAGE, why three or more 
appear, when a ſingle Ob- 
ject is viewed in a common 

Looking Glas. P. III. p. 

120. in the Notes. 

ImyeAcrT, that Light is not 
reflected by it. P. III. p. 
158. 


INACTIVITY, a N of 


Matter. P. I. 

IN ip ENCE, that bs Sine of 
the Angle of Incidence bears 
a conſtant Ratio to the Sine 


of the Ang of Refraction · 
P. III. p. 14. 
' *T he Sine of the Angle of 
Incidence equal to the Sine 
of the * of Reflection. 
P. III. 
e of the Axis of 
the Sun, and of the Axes 
of ſome of the Planets to 
the Plane of the Ecliptic. 
P. IV. p. 16. in the Notes. 
Of the Orbit of each pri- 
ary Planet to the Plane of 
the Ecliptic. P. IV. p. 18. 
in the Notes. 
Of the Moon's Orbit to the 
Plane of the Ecliptic. P.IV. 
p. 19. in the Notes. 


—Of Saturn's Ring. P. IV. 
p. 21. 
Of the Orbits of Fupiter's 


and Saturn? $ Satellites. P. 
IV. p. 21. in the Notes. 

— Of the Orbits of x Co- 
mets. P. IV. p. 2 


 [Incrined Plane, the Falling 


of Bodies down it conſider'd. 


P. I. p. 72. 

INTERIOR Conjunction, 
what. P. IV. p. 58. 

InyFiniTy of the viſibility 
of Matter explained and de- 
monſtrated. P. I. p. 8. 

Sir Is AAc NewrTON, his 
Conjecture about the Size of 
the — — Particles of 
Bodies. P. III. p. 15 3. 

—His Fits of eaſy Reflection 
and Tranſmiſſion, examined. 
P. III. p. 163. 


— His Opinion concerningthe 
ails 


— 


I; N: hi Bi 


Tails of the Comets, exa- 


P. IV. p. 102. 
P. 


mined. 
JuLtan Period, what. 


IV. p. 199. 


Jor1vs CzsAR, his Refor- | | 


mation of the Calendar. P. 

IV. p. 186. 

Jama. its Diameter, Dit. 

tance from the Sun, Perio- 
dical Time and Rotation 
about its Axis. P. IV. p. 
14. in the Notes. 
The Situation of its Axis. | 
P. IV. p. 16, in the Notes. 
The Excentricity and In- 
elination of its Orbit. P. 
IV. p. 18. in che Notes. 


The periodical Times and | 


| N of its Moons. P. 
IV. p. 19. in the Notes. 
Its 8 Motion ac- 
counted. for. P. IV. p. 66. 
The Method of computing 
its Diſtance from the Sun. 
P. IV. p. 70. in the Notes. 
The apparent Motion, E- 

_ clipſes and Occultations of 
its Satellites, P. IV. p. 93 


296. 
3 Methodof determining 
dy the Eclipſes of its Satel- 
| lites, the Parallax of the 


Earth'sOrbit, the ſucceſſi ve | 


| Propagation of Light, and 
the Longitude of Places. P. 
IV. p. 96. in the Notes, 


K. 
ILL, his Notion of Fer- 


E 
K mentation, conſidered. 
P. II. P. 170. 


His Determination of the 
Height of the Earth's At- 
moſphere, from the Dura- 
tion of the Twilight, ſhewn 
to be erroneous. P. IV. 
p. 121. in the Notes. 


| Ker re his Senſe of the 


Poetical Riſing and Setting 
of the Stars, P. IV. p. 145, 
in the Notes, © | 


PX 2 pp 

L* TITUDE, atioceatric 
and geocentric, what, 
P. IV. p. 62. 

— Of a Place on the Earth, 
what. P. IV. p. 133. 
—Of a Star, what. P. IV. 
951% ö 
Parallels of Latinide, what. 

P. IV. p. 128. 

Laws of Motion. P. I. p. 20. 

LEIBN ITS, his Hypotheſis 
concerning the Cauſe of the 
Deſcent of the Mercury in 
the — confuted, 
. 

LENSES, * ſeveral Sorts of 
them; the Manner in which 

Rays are affected in paſſing 

5 through them. P. III. p. 
44—52. 
Why the convex ones are 
uſed by old People, and the 
concave ones by Young, P. 
III. p. 84. | 

LeveR, its Properties. P. I. 
p. 20. 

Liohr, the Emiſſion of it 
from luminous Bodies not 


— —— — + 


— 
_— - 


| 
[ 
| 
| 


—ͤ— —_— 


| ſufficiently accounted for; 


the 


. 


the Idea of it, how excited; 
how propagated, P. III. 
P- 4. 

Its Velocity, how com- 
puted, P. III. p. 6. but 
more determinately, P. IV. 
p. 96. in the Notes. 

The ſurprizing Fineneſs of 
its Particles. P. III. p. 6. 
Decreaſes as the Square of 
the Diſtance from the lumi- 
nous Body, increaſes. P. 
III. p. 7. 

Des Cartes's, Notion of it, 
confuted. P. III. p. 8. 
The Refraction of it, ac- 
counted for. P. III. p 9. 
The Law of its Refraction 
demonſtrated. P. III. p. 14. 
Its Refraction in paſſing 
through plain and ſpherical 
Surfaces, conſider'd. P. III. 
p. 18—44 

The Au in which it is 
reflected. P. III. p. 97. 
The Law according to 
which it is reflected. P. III. 
2. 99. 

Its Reflection from plain 
and ſpherical Surfaces, con- 
ſider'd. P. III. p. 100— 
117. 

Its different 3 
ſhewn. P. III. p. 134. 
The Rays of it diſpoſed to 
excite Ideas of different Co- 
lours. P. III. p. 134. 
'The Opinions of Philoſo- 
phers concerning the Cauſe 
of its Reflection, confuted. 
P. III. p. 158—167. 

The Cauſe of its Reflection 


not yet accounted for. P. 


„II. p. 167. 
|LicnTNING, the Cauſe of 
it, P. II. p. 143. 


Ling of the Nodes, what, 
P. IV. p. 62. 


[Lid RA Apridum, what. P. 


IV. p. 48. 

Lo ADS TONE, its Properties. 
N . 

LoNx SIT p E of a Place on 
the Earth, what. P. IV. 
p. 131. 

The Method of determining 
it from the Eclipſes of Fu- 


piter's Satellites. P. IV. p. 


97. in the Notes. 
—Of a Star, what. 
p. 127. 
Look IG Grass, why three 
or more Images appear, 
when a fingle Object is 
viewed in a Looking Glaſs. 
P. III. p. 120. in the Notes. 
LUNAR IRREGULARITIES 
accounted for. P. IV, p. 


249. 


R 


M. 


| Mk Lantern, deſcrib'd. 


P. III. p. 210. 

MAlER, his Solution of the 
Aurora Borealis. P. Il. p. 
159. 

Mair AN, his Solution of the 
ſame. P. II. p. 160. 

MARINE 8 deſcrib'd. 
P. II. p. 103. 

Mars, its Diameter; Diſ- 
tance from the Sun; perio- 
dical Time and Rotation 


about 


1 XK © # . 


about its Axis. P. IV. p.] it * or Falling. P. 
14. in the Notes. II. 
The Inclination of its Axis] MER — 4 (the Planet) its 
to the Plane of the Ecliptic. | Diameter, Diſtance from 
P. IV. p. 16. in the Notes. | the Sun, and Periodical 
TheExcentricity of its Or-] Time. PIV. p. 14. in the 
bit. P. IV. p. 18. in the] Notes. 
Notes. The Excentricity of i its Or- 
The Inclination of its Or-] bit. P. IV. p. 18. in'the 
bit to the Plane of the E-] MNotes. 
cliptic. P. IV. p. 18. in The Inclination of its Or- 
the Notes. dit to the Plane of the E- 
Its apparent Motion ac- cliptic. P. IV. p. 18. in 
counted for, P. IV. p. 66. the Notes. 
The Method of determining | Its apparent Motion ac- 
its Diſtance from the Sun. | counted for. P. IV. p. 58. 
P.IV. p. 70. in the Notes, | Its greateſt Elongation. P, 
MATTER, its effential Pro-| IV. p. 65. 
perties. P. I. p. 7. busen. what. P. IV. 
Its infinite Diviſibility de- .. 
monſtrated, and the Mean- 8 Line, to find it 
ing of it explained. P. I.] partly by the Help of the 
p. 8. po j Globe. P. IV. p. 177. 
Its Attraction of Coheſion M1icroscoPes, a modern In- 
and Gravitation, P. I.] vention, P. III. p. 169. 


p. 12. Their Deſcription and Pro- 
MEecHaANicar Powers treat-] portion of magnifying. P. 
ed of. P. I. p. 58—75. j| III. p. 171. 


Mepiun, the Meaning of it Mip-HEAVEN, what. P. IV. 
in an optical Senſe. 5. III.] p. 140. 
p. 9. MILE Way, what. P. IV. 
Mx cu vlinthe Barometer) p. 28. 
the Reaſon of its ſtanding MouzxNruu, the Meaning 
low i 4 windy Weather. P. of it explained. P. I. p. 49. 
IT. p. 92. Monsoons, accounted for. 
Leibnits's Hypotheſis con- | P. II. p. 126. 
cerning its Deſcent before MonTHs 5 and ſyno- 
Rain, confuted. P. II. p. 95. dical, what. P. IV. p. 74. 
Patric's Obſervations con- and p. 185. other Sorts of 
derning the Riſing and Fall- | them, P. IV. p. 185. 
of it. P. II. p. 96. Moon, ſeveral Opinions con- 


Rules for 3 whether] cerning the horizontal 
| Moon, 


I D 2 X 


Moon conſider'd. P. III. p. | 


86—96. 
Sometimes occaſions the 


Appearance of a Rainbow. 


P. III. p. 209. 

Its periodical Time, and 
Rotation about its Axis; its 
Diftance from the Earth, 
and Situation of its Axis; 


the Excentricity of its Or- | 


bit, and the Inclination 
thereof to the Plane of the 
Ecliptic, P. IV. p. 19. 

Its different Phaſes or Ap- 


pearances accounted for. P. 
IV. p. 72 


Its obſcure Hemiſphere en- 


lightened by the Earth. P. 
IV. p. 74. 


Its Librations accounted for. | 


P. IV. p. 8. 


The Manner of meaſuring | 


the Height of the Moun- 
tains therein, P. IV. p. 85. 
in the Notes. 

Its Irregularities accounted 
for, P. IV. p. 249—264. 
Mor tod, the Laws of it. P. 

I. p. 20. | 
MounTAIns in the Moon, 
the Height of them, how 


meaſured, P. IV. p. 85. in 


the Notes. 

Burning Mountains, their 
Cauſe. 
the Notes. 


Music, the Effects of it on 
Perſons, bit with the Ta- 


rantula. 
the Notes. 
Musical Tones, wherein 


n 


, 


PF. H. p. 144: 1 


their Diſſerence conſiſts. P. 
II. p. 53. : 


N. 
NA, what. P. IV. p. 
138. | 
NIizUwWENTYT, his Notion 


of the Formation and Riſe 
of Vapours examined, P. 
F 
NIN ETIETH Degree, what, 
P. IV. p. 140. 
Nopes, the Line of them, 


what. P. IV. p. 62. 
Aſcending and deſcending 
Nodes, what. P. IV. p. 
276. 
Nuck THEME RON, what. 
. 
NUMBER of the Stars. P. 
IV. p. 29. | 
NuTATI1ON of the Poles, 


what. P. IV. p. 52. 
—Accounted for. P. IV. p. 
266. 


O. 


OQB1=cr, why it appears 
eret, when its Image 
in the Eye is inverted. P. 
III. p. 65. 
Why it appears ſingle tho' 
viewed with both Eyes, ſe- 
veral Opinions about this, 
P. III. p. 66. 
The Diſtance of an Object 
how judged of by the Eye. 
P. M. g 7 
The Appearance of Ob- 
jects ſeen through Media of 
E different 


T 


p. 72—85. 


The Appearance of Objects | 


ſeen by Light reflected from 
lain 2 ſpherical Surfaces. 
P. III. p. 118—1 33. 


Why three or more Images | 


appear when a ſingle Object 
is viewed in a common 
Looking Glaßs. P. III. p. 
120. in the Notes. 
OBLiqQue Aſcenſion, what. 


P. IV. p. 143. 
ea their Effect. P. I. 
P. 55 


— Planes, the Deſcent of Bo- 


dies on them conſider'd. P. 
I. Pp. 28. 

Sphere, what. 
142. 

OBScuRA CAMERA de- 
ſcribed. P. III. p. 210. 

OccuLTAT10N of Fupiter's 
and 5 N s Satellites. P. 
IV. 


tation, what. P. IV. p. 


144. 
OcrAvE Tone, the Nature 


of it, P. II. p. 54 


An on Cauſe of it. 


P. HI. 
Or ric PF What. P. III. 
P. 70. 
Verve, what. P. III. p. 
55. — 


OerTics, in what the 4 


of it conſiſts. P. III. p. 3. 

ORBIT, the Plane of it, 
what. P. IV. p. 12. in 
the Notes. 


The Inclination of the Or- 


P. IV. p. 


Circles * perpetual Oceaf 


1V= £11 &. 
different Forms. P. IIL | 


bit of each primary planet 
to the Plane of the Ecliptic. 
P. IV. p. 18. in the Notes. 
The Inclinat ion and Excen- 
tricity of the Moon's Or- 
bit, P. IV. p. 19. in the 
Notes. 
The Form and Inclination 
of the Orbits of the Co- 
met, F. IV. p. 23. 
The Inclination of the Or- 
bits of Fupiter's and Saturn's 
Satellites. P. IV. p. 21. in 
the Notes. 

OriGin of the Winds, ae- 
counted for. P. II. p. 116. 

OR RER V, its Deſcription 
and Uſe, P. IV. p. 147. 

OscirLATION, its Center, 
what. P.I. p. 33. | 
The Center of it determin'd. 
Appendix to Part J. 


P. 


WY ALLAX, the Earth's 
annual Parallax, what. 
PF. Þ.:£2. 
The Parallax of the Semi- 
diameter of the Earth's Or- 
bit, what. P. IV. p. 70. 
The Method of finding the 
Diſtance of the Planets from 
the Sun by this Parallax. 
P IV. p. 70. in the Notes. 
The Method of determin- 
ing this Parallax from the 
Eclipſes of Fupiter's Satel- 
lites. P. IV. p. 96. in the 
Notes. 


' —Of the heavenly Bodies ex- 


plained. P. IV. p. 113. 
PARALLACTIC 


— 


. 


PARALLACTIC Angle, what. 
FIT ES 3 
The Method of determining 
the Diftance of a Planet 
from the Earth thereby. P. 
IV. p. 115. in the Notes. 

Pan ST SRO what, 
P. IV. 

— Sphere, Fiat. 
142. 

PARALLELS and Climates, 
what, P. IV. p. 144. 

PARALLELS of Latitude, 
what. P. IV. p. 128. 

1 a Property of 


Body. P. IV. p. 

PexDULUMs, their Fey! 
P. I. p. 33. 

Their Vibration in a Cy- 
cloid. Appendix to Part I. 

PENUMBRA, what. P. IV. 
P. 91. 

PzRcUss10N, the Center of 
it, determined. Appendix 
to Part J. 

PERICEON, what. P. IV. 


P. 49. 
PERIHEL1ON, what. P. IV. 


p- 48. 
FROM victorian, what, P. 
in the Notes. 


IV. p. 199. 
FLV: p. 


F. IV. p. 


8 what. 
100. 


| 
PERIODICAL Month, what. 


P. IV. p. 74. 

Time of the Moon, and of 
Jupiter's and Saturn's Sa- 
tellites. P. IV. p. 19. 

PERIOECI, what. P. IV. 
p. 137. 

PRRISsCII, what. P. IV. 2 
136. 


ö 


PERPETUAL Motion, 
Impoſhbility of it. 
P. 74. 


ns Circle of it. P. 
IV. 


. Circle of it. 
p. IV. p. 144. 

PH As Es of the inferior Planets, 
explained. P. IV. p. 62. 

—Of the Moon. P. IV. p. 

2. 

PHYsIiCAL Cauſe of the Mo- 

tion of the heavenly Bodies. 
P. IV. p. 203-274. 

PLANE of an Orbit, what. 
P. IV. p. 12. in the Notes. 

TLANETS, the Poſſibility of 
their Motions. P. IV. p. 
4—10. 
A Table of the Diameters, 
Diſtances from the Sun, pe- 
riodical Times and Rota- 
tions of the primary Planets 
about their Axes. P. IV. 
p. 14. in the Notes. 
Their apparent Revolution 


the 
. 


in 24 1 accounted for. 


P. IV. 
The vhyſical Cauſe of their 
1 1 5p. 203— 


274. 

The Figures they aſſume by 

revolving about their Axes. 

P. IV. p. 274. 
PNEUMATICSs, what. P. II. 
boss . Riſing and Setting 

of the Stars. P. IV. p. 145. 
PoiN Ts of the Compaſs, what. 


. 

Cardinal Points, what. P. 
IV. p. 139. 

2 PoL AN 


7 iN BD XF 


Por. ar Circles, what. P. IV. 


p. 134. 

Pol E, the Elevation of it, 
what. P. IV. p. 140. 
PoLEs of a Circle, what. P. 

N. 9 130. 

—Of the Earth, what. P. 
IV. p. 130. 

—Of the Earth, their Nuta- 
tion, what. P. IV. p. 53. 
its Solution. P. IV. p. 266. 


— Of the Ecliptic, A P. 


IV. p. 127. 
— Of the Heavens, what, . 
IV. p. 130. 

PorTABLE Barometer, de- 
ſcribed. P. II. p. 113. 
PRECERSSITON of the Equinoc- 
tial Points, what. P. IV. 


Their Solution. P. IV. p. 


3 of Fluids, conſi- 
der'd. P. II. p. 7—27. 
PRIME Votial, what, 
IV. p. 139. 
PRINCIPLES of Natural Phi- 
loſophy. Preface, p. 4. 
The Connection between 
them and the chief Phæno- 
mena of Natural Philoſophy. 
Preface, p. 10—J8. 
Their Proof and Laws of 
Action. P. I. p. 12—19. 


of 


Demonſtrated to be no me- 
chanical Cauſes. Preface. 
Note b. 

—Of Chronolgy. P. IV. p. 
I'7 8—202, 

PROBTE MS on the Globes, 
P. IV. p. 161—178. 


PRoJECTILES, their Theory. 
F. I. p. 35. 
N "4p wi of Body. P. 
p. 7 
PRosTHAPHXREsSIS of a 
Planet, what. P. IV. p. 
49. 


PTOLEMAIC Syſtem, de- 
ſcribed. P. IV. p. 13. in 
the Notes. 

PULLEY, its Properties. P. 

I. p. 64. 

PL VIS FULMINANS, its 
Compoſition and Effects. 
P. II. p. 145. in the Notes. 

Pu up, capable of raiſing Wa- 
ter from any Depth. P. II. 
p. 84. 

PyRITES, thought by Dr. 
Liſter to be the Occaſion of 
Thunder, Lightning, Earth- 
quakes and Volcano's. P. II. 
p. 145. in the Notes. 


Q. 


UADRANT of Altitude, 
what. P. IV. p. 1509. 
QUALIFICATIONS in Bodies 
which diſpoſe them to reflect 
Rays of different Colours. 
P. III. p. 147 —154. 


R. 


RAin. the Cauſes uſually 
aſſign'd for it. P. II. p. 
138. 
Rays. See Light. 
REACTION, its Equality to 
Action, ſhewn. P. I. p. 
22. 
REC1iPROCATIO N 


"TT & 2M S F: 
RecieroCATION of Springs, 
accounted for, P. II. p. 81. 8. 


in the Notes. , | 
REFLECTION of Light. See QATELLITEs of Puþiter and 


Light. Saturn, See Fupiter and 
REFRACTION of Light. Sze| Saturn. 

Light, | SATURN, its Diameter; Diſ- 
REFRACTION of the Atmoſ-| tance from the Sun; and 
|  phere. See Atmoſphere. periodical Time. P. IV. 
REFRANGIBILITY of Light.] p. 14. in the Notes. 

See Light. The Excentricity of its Or- 
RervLsion, defined. P. I.] bit; and the Inclination of 


p. 18. the Proof of it. P. the Plane of its Orbit to 
III. p. 161. in the Notes. the Ecliptic. P. IV. p. 


Not a mechanical Cauſe. 18. in the Notes. 

Preface. Note b. Tbe Form and Inclination 
RESIST AN CE of Fluids. P. of its Ring, and the Incli- 

II. p. 41. nation of the Orbits of its 


RE vOLVING Bodies deſcribe] Satellites. P. IV. p. 21. 
equal Areas in equal Times, Its apparent Motion ac- 
demonſtrated. P. I. p. 46. | counted for. P. IV. p.66. 

RIO Hr Aſcenſion of a Star, | The Method of determin- 
what. P. IV. p. 143. | ing its Diſtance. P. IV. 

— Sphere, what. P. IV. p.] p. 70. in the Notes. 
141. | The Appearance of its Ring. 

RixG of Saturn, its Form, | P. IV. p. 97. 
and Inclination. P. IV. p. The periodical Times and 
21. | | Diſtances of its Satellites. 
Its Appearance. P. IV. p.] P. IV. p. 19. zn the Notes. 

s. The apparent Motions, E- 
2 Anſæ. P. IV. p. 98. clipſes and Occultations of 


Dr. Rook, his Wheel Baro-] its Satellites, accounted for. 
meter deſcribed. P. II. p.] PF. IV. p. 93. 
102. SCALE of Variation in the 


RoTAT10N of the Sun, and | Barometer, infinite, P. II. 
primary Planets about their] p. 105 and 110. 
Axes, P. IV. p. 14.  |ScaEw, its Properties. P. 
—Of the Moon about its] p. 66. 
Axis. P. IV. p29. SEA, its Ebbing and Flowing 
 Rums Lines, what. P. IV.] accounted for. P. IV. p. 
p. 160. 266. 


SEASONS 


1 


SEASONS of the Year, ac- 
counted for. P. IV. p. 37. 
—Accounted for another way. 
P. IV. p: 44. in the Notes. 
SECONDARIES of a Circle, 


what. P. IV. p. 126. 
— Of the Ecliptic, . 
IV. p. 127. 


SECONDARY Planets. See 
Moon, and Satellites. 

SEMITYCHONIC Syſtem, = 
ſcribed. P. IV. p. 13. 
the Notes. 


SIGNs of the Ecliptic, what. 


P. IV. p. 128. 
SHORTSIGHTEDNESS, the 
Occaſion of it. P. III. p. 
64. 
SKY, its ane P. IV. p. 


Sxow, the Cauſe uſually af. 
ſign'd for it. P. II. p. 140. 
SOLAR Syſtem, deſcribed, P. 
IV. p. 11—24. 
SoLIDITY, a * of 
Body. P. I. p. 7. 
SOLSTITIAL Colure. P. IV. 


WE 46. and 133. 
oints. P. IV. p. 46. and 


133. 
SOUND, how communicated 
"$0 the Ear, P. II. p. 47, 


Its Velocity, how comput- 


. p. $1. is tbe 
Notes. 

SPEAKING Trumpet, the 
Nature of it. P. II. p. 52. 

ol II. 5 . what, 
FP. 15. 

N th Dodtrine of it. 
P. IV. 5 
Oblique En „ 


| 


of by 


| 


141—142. ö 
Parallel Sphere. P. IV. p. 
141—142. 

Right Sphere. P. IV. p. 
141—142. ö 


Spors of the Sun and Planets, 

the Motion of the Sun and 

Planets round their Axes 

determined by them. P. 

IV. p. 1 

SPRINGS. See Fountains. 

STARS, fixed; why ſo call'd; 
why-they appear larger to 
the naked Eye than with a 
Teleſcope. P. IV. p. 25. 
Their Diſtribution into 
Claſſes. P. IV. p. 26. 
Of numbring and regiſtring 
them. F. IV. p. 20. 
Old ones vaniſh, and new 
ones appear. P. IV. p- 31. 
Sir Iſaac Newton's Conjec- 
ture about this; the fixed 
Stars thought to be ſo many 
Suns. P. IV. p. 32. 
Their Diſtance, and the 
Method of computing it. 
P. IV. p. 53. 
The Longitude and Lati- 
tude of a Star, what. P. 
IV. p. 127. 
Their Altitude, Depreſſion, 
Culmination, Azimuth and 
Amplitude. P. IV. p. 139 
— 140. 
Their Right Aſcenſion, 
what. P. IV. p. 143. 

STILE, old and new, what. 
F, IV. p. 101. 

SuMMA 4%, what. P. IV. 
P. 48. 


SUN, 


WH 


SUN, its Diameter, Diſtance 


from the Earth, and Time 
of its Rotation about its 
. Þ. 14. 
the Notes. 

The Inclination of its Axis 
to the Plane of the Ecliptic. 
P. IV. p. 16. in the Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 


Farther from us in Summer, 
than in Winter; the Oc- 


caſion of this. P. IV. p. 
49. 
SUPERIOR Conjunttion, 


what. P. IV. p. 58. 
SURFACES, refleCting and re- 
fracting. See Light. 
SWI MIN, ſolved. P. IV. 
p. 29. 
SywoDICAL Month, - what, 
P. IV. p. 74. 
SYSTEM, the Copernican, 
Ptolemaic, Tychonic, and 


Semitychonic deſcribed, P. 


IV. p. 12—13. 


The Copernican defended. 


P. IV. p. 22. in the Notes. 
'T.s 
Jars of the Comets, Sir 


Iſaac Newton's Opinion 
of them examined ; with a 
ConjeQure of the Author's 


concerning them. P. IV. 
p. 102. 

TELESCOPES, a modern In- 
vention, P. III. p. 169. 


Reflecting Teleſcope in- 


vented by Sir Iſaac Newton, 


P. III. p. 171. 

A Deſcription of the ſeve- 
ral Sorts of them, and their 
magnifying Powers. P. III. 
p. 176—188. 


F. IV. p. 138. 

Tating of heavy Bodies, 
not towards the Center of 
the Earth, except at the 
Equator and the Poles. P. 
IV; Þ. 251. 

TrunpDeR and Lightning, 
the Cauſe of it; the Effects 
of it not to be aſcribed to 
Thunder Bolts; the Man- 
ner of eftimating the Diſ- 
tance of it. P. II. p. 143 
—I47. 

TipEs, accounted for. P. 
IV. p. 266. 

Time, the Equation of it, 
what ; true and apparent, 
what, P. IV. p. 178— 
181. 

The Diviſion of it. P. IV. 
p. 181— 20:2. 
TorrICELL1, his Invention 


p. 85. 
ToxRIͤůũ Zone, what. P. 
W. 
TRADE Winds, accounted 
for, P. II. p. 126. 
TRANSPARENCY, the Cauſe 
or” it. . p. 154 


IV. p. 134. 
— Of Cancer, what. 


P. 135+ 
—Of Capricorn, what. P. 


P. IV. 


IV. p. 135. 
| TwiLicnT, 


TEMPERATE Zone, what. 


of the Barometer. P. II. 


Toric Circles, what. P. 


os 
de dei... Site. com n — 
* 
— — n 


FP # 
and P. IV. p. 96. in the 


133 the Cauſe of it. 


P. IV. p. 121. 

The . of it, various. 
. 23. 

That the Height of the At- | 


moſphere may be determin- | 
ed by it, an erroneous No- | 


tion. P. IV. p. 121. in 
the Notes. 

Tperente Syſtem deſcribed. 
P. IV. p. 13. in the Notes. 


V. 


| | 
VAcuun, what. P. I. p. 


10. 
The Exiſtence of it denied 


3 


p. 10. 
Its Exiſtence proved. P. I. 
p- IT. 


by the Carteſians. 


Vayours, their Formation 
and Aſcent not ſufficiently | 


accounted for , the Carte- 
ian Notion of them, con- 
futed ; Nieuwentyt's Notion 
of them, confuted, P. II. 
1 430. 

he moſt generally receiv'd 


pinion of them, confuted. | 


r 
VICTORIAN Period, 


Dr. Deſaguliers's Opinion 
examined, P. Il. p. 133. 
The Cauſes uſually aſſign'd 
for their falling in Rain, 


Snow and Hail. P. II. p. 


138. 
Variation, Line of it, 
what. P. IV. p. 161. 


VELocitTy of Light, how 
computed. P. III. p. 6. 


| 


| 


j 


g 
„ 1 


6 


| 


Wotes. 


Venus, its Diameter; Diſ- 


tance from the Sun ; perio- 
dical Time; Rotation about 
its Axis; Inclination of its 


Axis to the Plane of the 


Ecliptic ; the Excentricity 
of its Orbit; and the Incli- 


nation of its Orbit to the 


Plane of the Ecliptic. P. 
IV. p. 14 — 18. in the 
Notes. 

Its apparent Motion ac- 
counted for; its inferior 


and ſuperior Conjunction, 


what; why ſometimes our 


Morning, ſometimes our 


Evening Star; its greateſt 
Elongation; the Method of 
determining - its Diſtance 
from the 3 FLY «iP. 
. 

ts Phaſes explained, P.IV. 
p. 62. 


VERTICAL Circles, what; 


prime Vertical, what. P. 
IV. p. 138—1 9. | 
VEsuvIus, the Cauſe of its 


LE: ai the 


vomiting Flames. P. II. 
p. 144. in the Notes. 
what. 


P. IV. p. 199. in the Notes. 
ature of it ex- 

ained. P. III. p. 56. 
Bitnguimel into bright 
and obſcure, diftint and 
confuſed, P. III. p. 62. 


Unizon Tone, the Nature 


of it. . N. 5. 4. 


Vurcano's, their Taufe. P. 
II. p. 144. in the Notes. 
WaLLis, 


1 D E A. 


| 
„ | 


JAY Aus, his Opinion of 
| the Cauſe of the Ho- 
rizontal Moon. P. III. p. 


WE AT HE R-GTLA8s. See 
Barometer. 
Wr pon, its Properties. P, 


„„ 3 

The Miſtakes of ſome Phi- 
loſophers about it. P. I. 
P-. 71. 


WIEEL and Axis, its Pro- 


perties. P. I. p. 63. 


Barometer, deſcribed. P. | 


II. p. 102. 

WHITENESS, a Compoſition | 
of other Colours. P. III. 
p. 143. 

WrarsPERING Gallery, the | 
Nature of it. P. II. p.53. 
in the Notes. | 

Winds, their Origin ac- 
counted for ; Trade Winds 
and Monſoons accounted 
for. PII. p. 126. 

Their Variableneſs beyond 
the Limits of the Trade 
Winds, accounted for. P. 


II. p. 116—128. 

Dr. Halley's Hiſtory of 

them. P. II. p. 116—122. 
in the Notes. 


of E 


ven the Seaſons of it ac- 
counted for, P. IV. p. 37 
45. 


Year, what. P. I p- 


P. IV. p. 187. 
Leap Vear, why ſo called. 


| P. IV. Þ. 0% 

2. F 2 

Zr, what. v. IV. 
p. 138. 


1 what; the twelve 
Signs thereof. P. IV. p- 
28. and 128. 

Zone, what. P. IV. p. 135. 

—Frigid, what. P. IV. 130. 

— Temperate, * P. iv. 
p. 136. nf 
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